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REPORT OF THE DIRECTOR.
WILLIAM P. BROOKS, DIRECTOR.
The work of the Hatch Experiment Station during the
past year has progressed under favorable conditions. The
only changes in the station staff have been a few affecting
minor positions, which are elsewhere referred to. There has
accordingly been no interruption in the lines of investigation
which have been in progress.
Besides the monthly meteorological bulletins, during the
past year four other bulletins have been issued : Xos. 103
and 104 on the subject of fertilizers and the results of
analyses thereof; No. 105 on tomatoes under glass and
methods of pruning tomatoes ; and Xo. 106 on condimental
stock and poultry foods.
The work of the section of our division of chemistry hav-
ing to do with fertilizers shows that the conditions of the
fertilizer trade in the State are substantially the same as
during recent years. The manufacturers and dealers still
offer an enormous number of different brands of so-called
complete and special fertilizers in the markets. The number
of samples analyzed during the past year is 511, represent-
ing 313 distinct brands. There can be no doubt that the
business of manufacturing and selling fertilizers might easily
be gi-eatly simplified ; that a great reduction in the number
of brands offered, without loss in any direction, is possible
;
and that the result of such simplification and reduction in
the number of brands would be that fertilizers sufficiently
varied for every purpose could be furnished to the farmers
at lower prices than those at present prevailing.
The fertilizer section of our division of chemistry has
during the past year analyzed the usual number of samples
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ol' iiii.. cllaiit'(>u.-, materials, wood ashes, liiue allies, soils, etc.
Such siinii)lcs a.s are sent in by the farmers are usually ana-
lyzed and the results reported without charge.
The bulletin on tomatoes under glass is an important con-
tribution to knowledge on the best methods of handling this
crop, which is coming to be one of much importance in this
State. Bulletin No. 106, on condimental stock and poultry
foods, presents analyses of a large number of foods coming
under these classes. It discusses the utility of such foods,
and their cost as compared with the more common food
>tun*s. It is clearly shown that their cost is in excess of
what a})pcars to be a i)erfectly fair estimate of their vahie.
The bulletin presents a brief resum6 of the results of experi-
ments in the use of stock and poultry foods, which tends to
show that the claims made for these foods are not justified
by facts. The results of an experiment in the department of
foods and feeding are presented and discussed, the conclusion
being that the food under trial (Pratt's) did not appear
to be superior in any way to a like mixture of corn meal and
wheat middlings, while the cost was considerably greater.
Ill (lie division of foods and feeding, under Dr. J. B.
Liiidsey, a number of other important lines of investigation
have been followed during the year. A somewhat full state-
ment of (he n^sults in a number of these will be found in
Dr. Liiidsey's re})ort, which is transmitted herewith. Among
the more important results of these investigations are the
following points : Bibby's dairy cake, a food which has been
persistently urged ui)on the attention of our milk producers,
has been carefully tested, l)ut has been found to be less satis-
fac(ory from an economical point of view than some of the
ordinary food s(uirs.
ICureka corn has been carefully compared with Sibley's
Pride of the North corn, from the standpoint both of i)ro-
duction and of food value. It is found that, although the
Eureka gives a much heavier yield, the excess in weight is
made up almost exclusively of water. The food value of the
product of an acre of Eureka corn is not equal to the food
value of the much smaller acre product of Sibley's Pride of
(lie Nordi.
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Wheat bran has been compared with corn silage, in con-
nection in both cases with some of the more nitrogenous
concentrates, as food for milch cows. The results indi-
cate that silage is equally as satisfactory as the bran, and
that by substitution of silage for the bran the necessary
outlay for purchased foods in milk production can be greatly
reduced.
This division has carried out an interestino: investioration
into the conditions prevailing in milk production in Amherst
and neighboring towns. It is found that the conditions are
often quite unsanitary ; that bacteria are frequently exceed-
ingly numerous in the milk, indicating improper methods of
handling ; and that in general there is urgent need of im-
provement. In the judgment of Dr. Lindsey, the results of
this investigation indicate the de&irability of the establish-
ment of some regular system of inspecting dairies. It is
believed that this is something which consumers in increas-
ing numbers will be likely to insist upon in the near future.
In the horticultural division the only investigation suffi-
ciently advanced to justify report is that undertaken, and
in part reported upon in our last annual report, on methods
of pruning peach trees injured by winter-killing. It will be
remembered that four systems were under trial : no pruning,
light pruning, moderate pruning, and severe pruning.
Severe pruning consisted in removing nearly all the branches
of the injured tree. The observations of another year lead
to the conclusion that this system cannot be recommended.
A more modemte pruning, consisting of the removal of from
one-third to one-half of the groAvth of the previous year,
seems to have given results which are on the whole most
satisfactory ; and such pruning is recommended in all cases
when the wood has been injured by winter-killing. If only
the fruit buds have been destroyed by the winter, it is
recommended to prune back the previous season's growth
severely, leaving only two or three buds.
In the entomological division, experiments are in prog-
ress with a view to determining the definite strength of
hydrocyanic acid gas which can be used with safety on
plants in greenhouses under varying conditions of growth.
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In the report of the division of botany and vegetable
pathology will be found a discussion of the general condi-
tions as^'atlecting plant diseases during the past year ; refer-
ences to the somewhat unusual attack of the potato rot
fungus {Phylopthom infestam) on the tomato; and a dis-
cussion of the causes of sun scald and the browning of the
foliage of conifers and other evergreens.
The report of the vegetable pathologist, Dr. George E.
Stone, includes also a suggestive discussion on winter-kill-
inf as ati'eeting trees and shrubs, as a result of the excep-
tionally cold winters 11)02-03 and 1903-04.
The great imi)ortance of suitable aeration of the soil for
perfect germination of certain seeds is brought out by an-
other paper. The etlects of sterilization of soils respectively
rich and low in organic matter on germination and the
growth of plants have been investigated. It has been found
that, if the soil is rich in organic matter, sterilization is
favonible both to germination and subsecjuent growth ; but
if the soil contjiins little organic matter, such treatment is
unfavorable.
The iiitluenee of treating seeds in soil decoctions of vary-
ing strengths has been carefully studied, and it is shown
that such decoctions from sterilized soil when highly diluted
exercise a favorable effect on germination. The report of
Dr. Stone includes also the presentation and discussion of
results of various methods of seed selection. The conclusion
is that, for s(»eds adai)ted to that method of handling, the
us(» of sieves of suitable mesh as a means of sei)arating the
small and inferior seeds is strongly to be recommended.
The use of other methods of separation in the case of seeds
whieh cannot be succwsfully handled by sifting is urged, as
being of nuieh ini})()rt4inee.
The work of tlu» agricultural division during the past year
has followed the usual lines, and is elsewhere briefly sum-
marized.
Among the dillerent bulletins and reports which have
been issued by the station, the following are still in stock
and eiin he furnished on demand : —
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No. 3. Tuberculosis.
No. 27. Tuberculosis in college herd; tuberculin in diag-
nosis; bovine rabies; poisoning by nitrate of soda.
No. 33. Glossary of fodder terms.
No. 41. On the use of tuberculin (translated from Dr. Bang).
No. 04. Analyses of concentrated feed stuffs.
No. 67. Grass thrips ; treatment for thrips in greenhouses.
No. 75. Fertilizer analyses.
No. 76. The imported elm-leaf beetle.
No. 77. Fertilizer analyses.
No. 81. Fertilizer analyses; treatment of barnyard manure
with absorbents; trade values of fertilizing in-
gredients.
No. 82. Orchard management; cover crops in orchards;
pruning of orchards; report on fruits.
No. 83. Fertilizer analyses.
No. 84. Fertilizer analyses.
No. 87. Cucumbers under glass.
No. 89. Fertilizer analyses ; ash analyses of plants; instruc-
tions regarding sampling of materials to be for-
warded for analysis.
No. 90. Fertilizer analyses.
No. 92. Fertilizer analyses.
No. 95. Fertilizer analyses ; notes on barnyard manure ; trade
values of fertilizing ingredients.
No. 96. Fungicides; insecticides; spraying calendar.
No. 97. A farm wood lot.
No. 98. Inspection of concentrates.
No. 99. Dried molasses beet pulp ; the nutrition of horses.
No. 100. Fertilizer analyses; market values of fertilizing in-
gredients.
No. -102. Analyses of manurial substances and fertilizers
;
market values of fertilizing ingredients.
No. 103. Analyses of manurial substances; instructions re-
garding sampling of materials to be forwarded
for analysis; instructions to manufactures, im-
porters, agents and sellers of commercial ferti-
lizers; discussion of trade values of fertilizing
ingredients.
No. 104. Analyses of manurial substances and licensed ferti-
lizers; market values of fertilizing ingredients.
No. 105. Tomatoes under glass; methods of pruning tomatoes.
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No. 100. Condimental stock and poultry foods.
Special bulletin,— The coccid genera Chionaspis and Hemiclii-
onaspis.
Technical bulletin, No. 1,— Greenhouse Aleyrodes; strawberry
Aleyrodes.
Technical bulletin. No. 2, — The graft union.
Index, 1888-05.
Annual reports, 1808, 1800, 1000, 1001, 1002, 1003, 1004, 1005,
lOOO.
Of most of the other bulletins a few copies remain, which
can Ih^ supplied only to complete sets for libmries.
The co-openition and assistance of farmers, fruit growers
and horticulturists, and all interested directly or indirectly
in airriculture, are earnestly rc(iuested. Ccmmumications
may be addressed to the Hatch Experiment Station, Am-
herst, Mass."
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AIS^^^UAL REPORT
Of Geokgk F. Mills, Treasurer of the Hatch Experiment Statkjn
OF Massachusetts Agricultural College,
For the Year ending June HO, 190 Tt.
Cash received from United States Treasurer, $15,000 00
Cash paid for salaries,
for labor, ....
for publications, .
for postage and stationery, .
for freight and express,
for heat, light, water and power,
for chemical supplies, .
for seeds, plants and sundry sup
plies, ....
for fertilizers,
for feeding stuffs,
for library, ....
for tools, implements and machin
ery,
for furniture and fixtures,
for scientific apparatus,
for live stock,
for travelling expenses,
for contingent expenses,
for building and repairs.
16,992 42
1,788 14
782 84
367 35
221 78
544 60
106 39
410 48
738 11
379 78
78 36
398 37
162 26
586 31
127 05
158 46
25 00
1,132 30
: 15, 000 00
Cash received from State Treasurer,
from fertilizer fees,
from farm products,
from miscellaneous sources,
Balance Jime 30, 1904,
$13,625 00
4,365 00
1,512 95
3,463 70
3,383 55
$26,350 20
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Caah paid for salaries, . . . • $13,678 34
for labor, 2,337 59
for publications, . . • • 651 50
for iK)stage and stationery, . 308 o2
for freight and express. 136 62
for lu at, light, water and power, .
1 A0
1
for chemical supplies, . 615 56
for seeds, plants and simdrj sup-
plies 451 51
for fertilizers, . . . • 7 39
for feeding stuffs. 013 z8
for library, . 92 08
for tools, implements and machin-
ery 33
for furniture and fixtures. 174 11
for scicntitic apparatus. 735 74
for live stotk, , . . . 172 00
for travelling expenses. 1,400 79
for buildings and repairs. 198 86
Balance. ....... 3,737 66
$26,350 20
I, Cli.ark'.s A. Glo.ason, duly appointed auditor of the corporation, do liereby
certify that I have examined the accounts of the Hatch Experiment Station of
the Ma-vyy-hu-sett-s Agricultural College for the fiscal year ended June 30, 11X)5;
that I have found the same well kept and classified as above; tliat the receipts
tor tlie year fn)m the Treasurer of the United States are shown to have been
S15,(M)(). and the corresponding di.sbursements Sl5,000; for all of which proper
vouehers are on file and have been by me examined and found correct, thus
h'aving iH) balance of the SlS.OOO; and that ^3,737.0(5 are left of the State appro-
priation and of funds received from miscellaneous sources.
Avin
. \ug. 7, Um.
CHARLES A. GLEASON,
Auditor.
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!
REPOET OP THE METEOKOLOGIST.
J. E. OSTKANDEK.
The attention of this division during the year has been
largely confined to the work of making the usual observ^ations
of the various weather phenomena and a proper tabulation of
these records, together with such computations as are found
necessary for the purpose of comparison. The installation
of some new apparatus has required some changes in the
manner of tabulation, but the only effect on the results is to
render them more accurate.
At the beginning of each month the usual bulletin of four
pages has been issued, giving the more important daily
records and monthly means, together with a summary of the
results. The annual summary will be issued as a part of the
December bulletin. In addition to issuing the bulletins, a
considerable number of letters have been required to answer
specific inquiries regarding rainfall, temperature and other
features of the weather.
This station, being one of the voluntary observers' stations
of the United States Weather Bureau, has furnished the
section director at Boston with the usual monthly reports,
and has also agreed to furnish the weekly snow reports
during the winter. A phenological record has also been
made, and a copy furnished the section director at his
request.
The local forecast official at Boston has furnished this
station with the local weather predictions daily except Sun-
days, and the proper signals have been displayed from the
flagstaff on the tower. It was found necessary to shorten
the flagstaff a few feet, but this has not resulted in making
the signals less noticeable.
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Owing to the unsatisfactory records made by some of the
DrajxT self-recording instruments in the tower, it was decided
to secure some of other make whose records would be more
precise. Accordingly, a triple electric register for recording
sunshine, rainfall and wind velocity was purchased from
Julien P. Friez, and during the summer vacation the wiling
was done to put it in working order. The sunshine recorder
was mounted on top of the tower and connected by wires to
the register in the tower. Two Edison primary batteries
furnish the current required to operate the register at inter-
vals of one minute while the sun is shining. A tipping-
bucket rain gauge on the campus is connected to the register
in the tower by more than a thousand feet of wire, and each
one-hundredth of an inch of rainfall is registered. This
fiu-nishes a record of the rate of precipitation during a storm,
as well as the total amount. The record is also checked by
measurement in a standard niin gauge. A small anemometer
of the Weather Bureau i)attern was mounted on top of the
tower in place of the Draper rain gauge, which was taken
down, and each mile of wind travelled is recorded on the
rejrister below. As the drum on which all the above-
mentioned records are made travels at a rate of nearly three
miles per hour, the records are very distinct, and variations
in rate'of wind movement, as well as in the rainfall, are easily
noted. A set of maxinmm and minimum thermometers of the
Weather Bureau pattern was purchased during the year, to
replace others that were greatly worn.
The assistant observer, Mr. C. H. Chadwick, was advanced
to the position of observer in June, succeeding Mr. G. W,
Patch.
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EEPORT OF THE AGRICULTURISTS.
WM. r. BKOOKS; ASSISTANTS, F. K. CHURCH, S. B. HASKELL.
The work of the agricultural department for the past year
has closely followed the lines of recent years. The leading
object of our work is, by long-continued comparative ex-
periments, to throw light upon some of the many problems
connected with the use of manures and fertilizers. The
results of a single year may be of value as a guide to prac-
tice, but it is important to know concerning any given sys-
tem, not alone the immediate effect upon the crop, but the
ultimate efiect upon the soil as well. This is made manifest
only by continued manuring along definite lines. Thus, by
long-continued comparison of different materials which may
be used respectively as sources of any given plant food
element, we may hope to determine their real and aver-
age relative value, and, by suitable rotation of crops, their
relative suitability also for different plants. By continued
experiment along definite lines in successive years we may
hope, moreover, to discover the relation of season to the
fertilizer efficiency of the different fertilizer materials under
comparison . With definite knowledge concerning immediate
effect upon the crop, ultimate effect upon the soil and differ-
ences in effect due to variations in seasons, we shall be in a
position to give advice of value both to the farmer seeking
to produce crops at lowest cost and to the fertilizer manu-
facturer. The work carried on in the department during
the past season has involved the care of 244 field plots in
our various fertilizer and variety tests, 150 closed plots
and 245 pots in vegetation experiments. The work in the
closed plots and the vegetation expermients serve as valuable
checks upon the accuracy of field work, and enable us to
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exU'iid the scope of our investigations. Besides the care
for all this work, Ave have a grass garden including 48
gl)ecies and 7 varieties, most of which occupy one square
rod each. Our work with poultry has followed the general
lines of investigation of earlier years, the principal subject
under investigation being the relations of difterent foods and
fo«.(l roinbinations to egg production. A detailed report of
results obtained will be at this time presented for but a
small munber of the experiments in progi-ess.
The principal subjects of inquiry discussed, and the more
importiint results, very briefly stated, are as follows : —
I. — To determine the relative value of barnyard manure,
nitniti' <»f soda, sulfate of anunonia and dried blood, as
sourei's of nitrogi'n. The crop of this year was mixed oats
and peas for hay ; and, on the basis of yield, the nitrogen-
furnishing materials mnk in the following order : nitrate of
soda, dried blood, sulfate of ammonia, and barnyard maniu'e.
On the basis of increase, as compared with no-nitrogen
plots, taking into account all the crops grown since the ex-
periment began, the materials i-ank as follows: nitrate of
soda, 100 per cent. ; dried blood, f)8,72 i)er cent. ; sulfate
of aininonia. (iO.TS ])er cent.
;
barnyard manure, <S0.58 per
cent
.
II. — To determine the relative value of muriate as com-
pared with high-grade sulfate of potash for field cr()})s. The
results of this year indicate the sulfate to be superior to the
nniriate for clover, for rhubarb, and for blackberries.
III. — To determine the relative value of different potash
salts for field croi)s. The salts under comparison are high-
grade sulfate, low-gmde sulfate, kainite, muriate, nitrate,
carbonate, and silicate. The crop of this year Avas soy
beans. The difierent })otash salts rank in the following
t>rder: carbonate, high-grade sulfate, silicate, nitrate, muri-
Ati\ low-gi-ade sulfate, and kainite. The crop where the
latter salt was used was by far the poorest in the field, being
nuuh lower than the crop of the plots to which no potash
has l)een applied for the pa«t eight years.
' — determine the relative value in crop production
ot a fertilizer mixture rich in potash, as compared with one
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representing the av erage of s[)ecial corn fertilizers purchas-
able in our markets. The crop of this year was ha}', —
mixed timothy, red-top and clovers. The crops were sub-
stantially equal
;
but, as the cost of fertilizers is lower where
the fertilizer richer in potash is used, the advantage is with
that combination of materials.
V.— To determine the relative value in corn and hay
production of a modenite application of manure alone, as
compared Avith a smaller application of manure used in com-
bination Avith 160 pounds of high-grade sulfate of potash
per acre. The crop of this year was hay, — mixed timothy,
red-top and clovers. The larger average yield was pro-
duced on the combination of manure and potash
;
and, as
this combination costs $6.40 less per acre than the larger
quantity of manure alone, the advantage in favor of the com-
bination is decisive.
VI. — To determine which is better economy, to spread
manure as hauled from the stable during the winter, or to
l)lace in a large heap to be spread in spring. This experi-
ment occupies five pairs of plots. The spring application
gave the better yield in all cases, but the dilference was not
sufficiently large to cover the larger cost of the extra han-
dling involved in the case of the manure spread in the spring.
^
The Avinter of 1904-05, hoAvever, Avas exceptionally favor-
' able to good results from application at that season, as there
Avas little or no Avash over the surface.
VII. — To determine the economic result of using in rota-
tion on grass lands : the first year, barnyard manure, 8,000
pounds per acre ; the second year, Avood ashes, 1 ton per
acre ; and the third j^ear, bone meal, 600, and muriate of
potash, 200, pounds per acre. The average yield of ha}^
during the past season, all tliree systems of manuring being
represented, on a total area of about 9 acres, is at the rate
of about 4,840 pounds of hay per acre. The average for the
thirteen years during Avhich the experiment has continued,
1893-1905, inclusive, is 6,479 pounds.
Vni. — To determine whether the application of nitrate
of soda after the harvesting of the first crop will give a prof-
itable increase in the roAven crop. The increases produced
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in til.' Inur iKiirsof plots under comparison were relatively
small except in one instance. Nitrate applied at the i-ate of
250 iK^unds per acre gave an apparent increase of nearly 1
ton of rowen, which is considerably more than sufficient to
cover the cost of the nitrate.
JX. To test the relative value for the production of
garden croi)s of fertilizers supplying respectively nitrogen
and pot4ish, when used with manure. The nitrogen fer-
tilizers compared are dried l)lood, nitmte of soda and sulfate
of anmionia. The use of the nitrate is attended with the
greatest profit. On the basis of total crops produced, the
relative sUmding of the dilierent nitrogen fertilizers is: for
the early crops, nitmte of soda, 100 per cent. ; dried blood,
05.t)7 per cent. ; sulfate of anmionia, ()3.08 per cent. ; for
the late cr()i)s, nitrate of soda, 100 per cent. ; dried blood,
118.77 per cent. : sulfate of ammonia, 79.52 per cent.
The potash salts under comparison are high-grade sulfate
and muriate. For the fifteen years the relative standing of
these fertilizers is : for the early croi)s, sulfate of pohish,
100 per cent. ; nmriatc of potash, 94.66 per cent. ; for the
late crops, sulfate of })otash, 97.9 per cent. ; muriate of
potash, 100 per cent.
X. — To determine whether alfalfa is a profitable crop in
Massachusetts. A large number of experiments tried during
the ])ast eight or ten years indicates that it is quite doubtful
whether alfalfa can be successfully grown under our climatic
conditions.
XI. — Comparison of different feeds and feed combinations
furnishing the essential nutrients in varying proportions for
laving hens. The results indicate corn to have superior
merit among the diflerent grains for the production of eggs,
considered from the standpoint both of total number and
economy of production. Rice is somewhat superior in num-
ber of eggs produced to corn, but the cost is so great as to
render its use inexpedient.
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I. — Manures and Fertilizers furnishing Nitrocjen
COMPARED. (Field A.)
To make clear the plan of the experiment, which is con-
tinuous, I quote from the seventeenth annual report : —
The experiments in Field A have two principal objects in
view: first, to compare the efficiency (as measured, by crop
production) of a few standard materials which may be used on
the farm as sources of nitrogen; second, to determine to what
extent the introduction of a legume will render the application
of nitrogen to a succeeding crop of another family unneces-
sary. The field includes eleven plots of one-tenth acre each.
A full description of the plan followed will be found in the
twelfth annual report of the Hatch Experiment Station. The
materials furnishing nitrogen under comparison are barnyard
manure, nitrate of soda, sulfate of ammonia and dried blood.
With few and unimportant exceptions, each plot has been
manured in the same way since 1890. All the plots annually
receive equal and liberal amounts of materials supplying plios-
phoric acid and potash. Three plots in the field have had no
nitrogen applied to them since 1884; the materials under com-
parison on the other plots in the field are applied in such
quantities as to furnish nitrogen at the rate of 45 pounds per
acre to each. Barnyard manure is applied to one plot, nitrate
of soda to two, sulfate of ammonia to three and dried blood to
two plots. The potash applied to these plots is supplied in the
form of muriate to six plots, namely, 1, 3, G, 7, 8 and 9. It is
supplied in the form of low-grade sulfate to four plots, namely,
2, 4, 5 and 10.
The crops grown in this experiment previous to this year
in the order of their succession have been : oats, rye, soy
beans, oats, soy beans, oats, soy beans, oats, oats, clover,
potatoes, soy beans, potatoes, soy beans, potatoes.
The condition of the soil of this field during the last year
or two had indicated quite clearly that it Avould be benefited
by liming. Freshly water-slaked lime Avas used. It was
applied by the use of Kemp's manure spreader, adjusted
with a view to applying lime as closely as possible at the
rate of 1 ton to the acre. The amount actually applied to
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11
,o jure was 2,395 pounds, so that the
lime was used in
sli^rhtlv greater (luantity than intended. The wwk of the
.spreader^'in applying lime is quite satisfactory. There is no
ditlicultv in udjusting it to apply any desired amount with
sul)stantial aocumcy. Any chance that the amounts applied
to the ditfc rent plots in such experiments as those in prog-
ress on Field A will diffcT is avoided by driving the spreader
in applying the lime the full length of the field across the
plots.
The crop of this year was oats and peas. The lime was
applied on April 21), and plowed in, and Canada peas at the
nite of U/l* hushi'ls i)er acre Avere sown on April 28, and
deeply harrowed in. On April 29 the fertilizers were ap-
plied, and harrowed in. The oats were of the Clydesdale
variety. They were sown at the rate of 1 bushel to the acre
on May 1, and harrowed in. No accidental conditions likely
to interfere with the experiment were noted, although the
rank growth on the i)l()ts receiving nitrogen in the most
highly available form (nitrate of soda and sulflite of am-
monia) resulted in considerable lodging, which no doubt
decreased the yield on those plots.
The rates of yield on the seveml plots and the source of
nitrogen on each are shown in the following table :—
Ykld of Oals and Peas per Acre.
riou. NiTBOOKN FBBTILIZKRS USED. Hay(Poundb).
0, . . 4,950
6,900
t,
. . 7,000
8. . Dried blood (muriate of potash), 6,700
4. . 4,350
a,
.
. Sulfate of ammonia (sulfate of potash), 5,650
«. . . Sulfat*' of ammonia (muriate of potash), 6,600
7, . 4,800
«. . . Sulfate' of ammonia (muriate of potash), 6,900
N<» nitropen (muriate of potJish), 3,900
10. . . Prletl l»loo«l (sulfate of potasli), 6,500
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It will be noticed that the yield on the three no-nitrogen
plots (4,7,9) is much below the yield obtained on any of the
plots where fertilizers supplying nitrogen Avere used. There
was a fair proportion of peas in the crop, but, in s[)ite of the
fact that peas are usually al)le to take a considerable pro-
poition of their nitrogen from the air, it is very clear that it
will be unwise, in the case of a mixed crop including a legume
and a non-legume, to depend to any great extent upon this
atmospheric source of supply. The average yield of the
three no-nitrogen plots was at the rate of 4,350 pounds of
hay per acre. The average yield of the nitrogen plots was
at the rate of 6,400 pounds per acre. Here is a difference
of a little more than 1 ton per acre, which is far more than
sufficient to cover the cost, $7.85, of the amounts in which
such fertilizer was used. It will be noticed, further, that
the yield on the plot to which barnyard manure is annually
applied is much below that on even the poorest plot to which
a nitrogen fertilizer was applied. The manure in question
was put on at the time of preparing the soil in the spring,
and evidently the nitrogen it contained did not become in
large degi*ee available in season to benefit crops making
their growth so early in the growing season as oats and
peas. The average yields of this year on the several fer-
tilizers are shown in the following table : —
Fertilizers used. Hay(Pounds).
4,350
Average of the nitrate of soda plots (1, 2), 6,950
(5,600
Average of the sulfate of ammonia plots (5, 6, 8) 6,383
As the result of experiments previous to this }'ear, it has
been found that the materials furnishing nitrogen have pro-
duced crops in the following relative amounts : —
Per Cent,
Nitrate of soda, 100.00
Barnyard manure,....... 96.02
Dried blood, 90.83
Sulfate of ammonia, . . . . . . 88.62
No nitrogen, . . . . . . 72.11
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Similar averages for this year are as follows :
—
Per Cent.
Nitrate Of soda.
100.00
Dried blood 94.96
Sulfate of ammonia, 91 -^^
liarnvard manure 71.22
No nitrogen. 62.G0
Combining the results showing relative standing in 1905
with similar figures for all the years previous to 1905, the
relative sUiiicling is as follows : —
" Per Cent.
Nitrate of soda • • • 100.00
lianiyanl manure 94.47
Dried blood • 91-09
Sulfate of aiiiiuonia 88.83
No nitroijen 71.52
The ligures showing relative standing of the different
materials furnishing nitrogen as compared with the no-
iiitnigcii plots so far given are based upon the total yield.
If we oomi)are the dilferent materials used as sources of
nitrogen on the basis of increase in crop rather than on the
basis of total product, they rank to date for the entire period
of the experiment, 1890 to 1905, inclusive, as follows : —
lit latin- Inrrcascs in Yields (^Average for the Sixteeji Years).
Per Cent.
Mtratt' of soda 100.00
Haniyaixl nuinure, ...... 80.58
\)r\oi\ blood 68.72
Sulfate of ammonia 60.78
Whatever the method of comparison, the superiority of
the results obtained from the use of nitrate of soda is very
apparent. In estimating the significance of the figures, the
fact must not be lost sight of that the four different materials,
nitnite, dried Idood, sulfate ofannnonia and barnyard manure,
are applied in this experiment in amounts furnishing precisely
ciiual (|uaiitities of nitrogen to each plot where the}^ are used.
At current i)rices, a pound of nitrogen can be purchased at
lower cost in nitrate of soda than in almost any other ma-
terial
; and the advisability, therefore, of depending largely
upon the nitnite as a means of supplying the impoi-tant
element niU'ogen, becomes strikingly evident.
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n. — The Relative Value of Muriate and High-grade
Sulfate of Potash. (Field B.)
This experiment, which has been in progress since 1892,
was designed to test the relative value of muriate and high-
grade sulfate of potash used continuously upon the same
soil. These salts since 1900 have been annually applied at
the rate of 250 pounds each per acre. There are ten plots
in the field, each containing about Vr of an acre. Five of
these receive muriate of potash, and these plots alternate
with the same number of plots which are yearly manured
with sulfate of potash. Each plot in the field is manured
annually with fine-ground bone at the rate of 600 pounds
per acre. The crops grown in this field this j^ear have in-
cluded soy beans, celery, asparagus, rhubarb, raspberries,
blackberries and clovers. The yields of the three crops,
asparagus, raspberries and blackberries, have been small,
and the differences in the results on the different potash
salts did not appear to be sulEcient to be of much signifi-
cance. There was, however, a ver}^ marked difference in
the extent to which the blackberry bushes on the two potash
salts winter-killed. Those on the plot Avhich has annually
received an application of sulfate of potash were killed back
much less seriously than the bushes on the muriate of potash
plot. There was a marked difference in the growth of the
celery on the two potash salts, that on the muriate being-
much better than that on the sulfate. This fact is reported
at this time without comment, as it seems to the writer
probable that some accidental cause, not connected directly
with the system of manuring, unfavorably influenced the
growth on the poorer i)lot. Six plots in the field have been
in clover during the past year. All of these plots were
sown to clover in the late summer of 1904, one pair of plots
each (muriate and sulfate) with Alsike, Medium and ]Mam-
moth clovers. The clover on all plots germinated well, but
early showed a very unhealthy condition on the plots occu-
pied both by the Medium and Manunoth red clovers. The
young plants early turned yellow and gmdually disappeared.
So poor was the condition of these varieties of clover this
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spring that it was decided to plow them up. The unhealthy
condition Is thouirht to have been connected with a deficiency
of lime in the soil, and these plots accordingly received an
ajiplication of freshly slaked lune at the rate of about 1 ton
to the acre. They were then plowed and reseeded to the
same varieties of clover. The crops were cut on August 11,
but, being nuich mixed with weeds, as was to be expected
in the case of spring-sown clover, the product was not
weighed. The Alsike clover upon the plots sown in the
summer of 11M)4 gave one fair crop.
The yield on the muriate was at the mte of 3,986 pounds
I)er acre ; on the sulfate, 4,000 pounds. These figures do
not accunitely indicate the relative condition of the clover,
for the growth on both i)lot8 was somewhat mixed with other
grasses, which were ymch more abundant on the muriate of
potash than on the sulfate, where the clover Avas very clearly
much superior to that on the other plot. The rhubarb on
both potash salts gave a heavy growth. The rates of yield
per acre were as follows : —
Muriiih r. /lit/h-grade Sulfate of Potash {Rhubarb). — Yields per Acre
(Pou?ids).
Pbrtilizkrs uskd. Stalks. Leaves.
MiirtaU* «>f poUisli, •23,148 19,'249
23,729 20,344
Tlicsc yields are much heavier than last year, as the
rhubarb is now more fully established, and the difterence in
favor of the sulfate of potash is still greater than previously.
III. — CoMPAKisox OF Different Potash Salts for
FiKLi) Chops. (Field G.)
This experiment for comparison of different potash salts was
hejjun in 181)8. The field contains forty plots, of about one-
fortieth of iin acre each. The plots are fertilized in five series
of ei«jht plots each, each series including a no-potasli plot and
one plot for each of the potash salts under comparison. Those
salts are kuinite, higli-grade sulfate, low-grade sulfate, muriate,
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nitrate, carbonate and silicate. Each is applied annually to tlie
same plot, and all are used in such amounts as to furnish equal
potash to each plot. In the quantities employed tiie dilTerent
salts supply annually actual potash at the rate of 1(55 j^ounds
per acre. All plots are equally manured with materials furnisli-
ing fairly liberal amounts of nitrogen and phosplioric acid.'
The crops grown in this experiment since 1898 in order of
succession up to the present year have been :—
1898. Medium Green soy beans.
1899. Potatoes.
1900. Plots 1-8, cabbage
;
9-24, Medium Green soy beans
;
25-40,
cow peas.
1901. 1-8, wheat; 9-40, corn.
1902. Clover.
1903. Clover.
1904. 1-16, cabbage; 17-40, corn.
1905. Soy beans.
The results with the crops of last year, cabbages and corn,
were rather indecisive, and were not reported in detail.
The most striking observation in connection with the results
of last year Avas the relatively low yields on the silicate of
potash and the relatively high yields on the nitrate and car-
bonate. The crop in 1905 was the Medium Green soy bean.
The season was favorable to the crop, which, with one ex-
ception, to be presently noted, appeared to be aflected by no
disturbing accidental conditions. A circular area, extending
entirely across Plot 10 and a short distance into both i)lots
9 and 11, was early affected by some unknown cause, which
within a relatively short time resulted in the death of tiie
plants growing there. It is estimated that the total number
of plants in Plot 10 thus destroj^ed was from one-(piarter to
one-third of the total number of plants in the plot. The
proportion of plants destroyed in plots 9 and 1 1 was rel-
atively small.
At a period very earl}^ in the growth of the crop it was
noticed that the leaves on all the plots to which kainite is
applied as a fertilizer were abnormal. Practically all the
^ Sixteenth annual report. Hatch Experiment Station.
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leaves on plants on these plots early became very much
crinkled. They were .smaller than normal leaves, and there
were numerous areas near the margins of some of the leaves
where the tissues died. This appearance was repeated with
such perfect regularity on each one of the plots (2, 10, 18,
2<;, 34) to whifli kainite was applied that it is impossible
to doubt that the effect was due to constituents found in
this f<Ttilizer. It was clearly [)hysiological in its origin.
Wiiether due to the large amounts of chlorides contained in
the kainite applied to these plots we are not at present cer-
tain ; but, in view of the fact that potassium chloride has in
a number of instances been shown to be distinctly inferior as
a source of potash for soy beans in comparison with other
salts in our experiments, it seems probable that such was the
e:Lse. The potash salts used on the different plots and the
rates of yield of beans per acre are shown in the following
table :—
Yield.'i per Acre.
Potash Salt. Beans(Bushels).
Straw
(Pounds).
2,120
I8.«i2 1,210
.1. . Ui^li grailc siilfiiti' 20.90 2,000
1, . . . Li»w >rr!ule 8iilfat4', 2r).17 1,800
MuriaU' 22.41 l.WO
fi, . 24.14 1,960
Carbonato, 32.41 2,280
8, . . . Sllicato, 22.07 1,540
No })otiis)i 18.79 1,400
10. . Kalnlt*- 11.38 1,600
n, . IUkIi HiiltaU' 21.04 2,080
I-.'. . Low-Knitle siilfaU', 22.42 2,280
l.i.
. MurlaU', 22.07 2,240
14, . 26.87 2,800
Carltoiiato, 28.28 2,700
1«, . SlUojite, 26. !H) 2,740
17. . .
. No l)Ot!lBh, 24.83 2,380
1^ . Kalnlto, 17.24 1,540
w.
. .
. nigli.jfrade sulfate, 25.52 1,940
», . . . 24.14 1,760
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Yields per Aere— Concliuled.
Plots. Potash Salt. Beans Straw(Pounds)
.
21, . Munate 30.69 1,820
22, . Nitrate 26.21 2,160
23, . Carbonate 26.90 2,260
24, . Silicate, 26.21 2,080
2r>, . No potash, 22.41 1,780
2«, . Kainite 19.31 1,240
27, . High-grade sulfate, 31.72 2,080
28, . Low-grade sulfate 25.87 1,760
29, . . . Muriate 24. 4S 1,900
30, . Nitrate, 15.86 1,240
31, . Carbonate, 26.55 1,960
32, . Silicate 23.19 1,600
3:5, . . . No potash, 23.45 1,800
34, . . . Kainite, 18.26 1,160
35, . High-grade sulfate 24.14 1,820
36, . Low-grade sulfate, 16.21 960
37 . . . Af 111*1 o tfiluUIlcllCy ••••••• 15.52 1 run
38, . . . Nitrate 24.83 2,020
39, . Carl)onate 24.14 2,240
40, . Silicate 28.62 2,160
The influence of the different potash salts is somewhat
more clearly brought out by the table below, which gives the
average results for each of the potash salts employed :*
—
Soy Beans. — Average Yield per Acre.
Potash Salt. Beans(Bushels).
Straw
(Pounds).
No potash (plots 1, 9, 17, 25, 33) 22.72 1,896
Kainite (plots 2, 10, 18, 26, 34) 16.96 1,350
High-grade sulfate (plots 3, 11, 19, 27, 35), ... 25.86 1,984
Low-grade sulfate (plots 4, 12, 20, 28, 36) , ... 22.76 1,712
23.03 1,728
23.38 2,036
27.86 2,288
25.40 2,024
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It will be noticed that the average rate of yield on all
plot* to which potash salts are applied, with the exception
of those where kainite is the source of potash, is greater
than on the no-})()tash \Ant<. The average yield on the
kainite, on the other hand, is much l)elow the average on the
no-potash plots. Examination of the longer table shows
that this iiifi'Hority of kainite was constant for each of the
five plots. Such examination also shows that the variation
in relative standing of the plots where each of the ditlerent
potash salts was used is fairly constant for each. The most
marked exception to this rule is found in the case of ^dots
80, 'M\ and 'M , where the yields are lower than on other
plots receiving the same potash salts. This inferiority on
those plots apj)ears to have been due to the fact that the
stand of plants in them was too thin. A count indicate-
that the avenigo number of plants in a row in this field is
about 120; in Plot .')0 it was about J);") ; in plots 3() and 37
ahout !.'). The })()tash salt giving the highest yield in this
experiment is the c^irbonate, followed closely by the high-
gnule sulfate and silicate. The potash salts, other than
kainite, containing chlorine (low-grade sulfate and nmriate),
give yields considerably lower. As neither the carbonate
nor the silicate of potash is commoidy found in our markets,
these having been maiuifactured in the first instance as ferti-
lizers for tobacco, the practical lesson to be drawn from the
experiment is that for the soy bean it is much safer to depend
upon the high-grade sulfate as a source of the needed potash
than to use any of the potash salts containing chlorine.
Neither the carbonate nor the silicate, even if available,
would Ih' prefeniblc to the high-grade sulfate, as the cost
p<'r unit of ])otash is nuich greater than with sulfate. The
rouli nf the past season is in agreement with results obtained
with this crop in a considerable number of earlier experi-
ments, and it seems impossible to doubt the validity of the
conclusion above stated. The advice, therefore, is most
strongly given, that, on all soils at least with good retentive
(|ualities and moisture, the sulfate of potash should generally
be preferred to nuiriate or kainite, not only for soybeans, but
for ch)vers and with little doubt for all other Wuiiies as well.
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IV. — Special Fertilizer v. Fertilizer Richer in
This experiment has been in progress since 1891. It
occupies an acre of ground, divided into four equal plots.
The crop from 1891 to 1896, inchisive, was corn ; in 1897
and 1898 the crop was mixed grass and clover ; in 1899 and
1900 it was corn; in 1901 and 1902, grass and clover; in
1903 and 1904, corn. The land was seeded in the corn in
late summer, 1904. The crop harvested this year is hay,
—
mixed timothy, red-top and clover. The object in this ex-
periment is to test the question whether the special corn
fertilizers offered in our markets are of such composition as
is best suited for the production in rotation of corn and
mixed hay. The plots are numbered from 1 to 4. Plots 1
and 3 yearly receive an application of fertilizers furnishing
the same amount of nitrogen, phosphoric acid and potash as
would be furnished by 1,800 pounds of fertilizer of the com-
position of the average of the special corn fertilizers analyzed
at this station. This averao^e has chano^ed but little durins:
recent years, and in 1899, since which date we have made
no change in the kinds and amounts of fertilizers used, was
as follows : —
The fertilizers used on plots 2 and 4 are sul)stantially the
same in amount and kind as recommended in Bulletin No. 58
of this station for corn on soils poor in organic matter.
The essential difference in composition between the fertilizer
mixtures under comparison is that the mixture used on
plots 2 and 4 is richer in potash and much poorer in i)h()S-
l)horic acid than the mixture representing the average market
corn fertilizers. The fertilizers applied to the several plots
are shown below : —
Potash.
Per Cent.
Nitro<^en,
riiosphoric acid,
Potash, .
2.37
10.00
•i.30
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Plots 1 and 3 Plots 2 and 4
FUTILIZSBX USED. (Pounds Each). (Pounds Each).
30.0 50.0
30.0
37.5 50.0
273.0 50.0
37.5 62.5
The followini; tables show rates of yields per acre of both
Imv and rowen on the sevei-al plots, and the averages for the
two systems of niannring : —
Yields per Acre (Pouuds) .
Plots. Hay. Rowen.
240
3,!K)0 SfiO
IMotS (U'8KiT potash), 3,720 400
3,720 300
Average Yields j^cr Acre (Poimds).
Plots. Hay. Rowen.
3,840 320
I'lntb .-inil 4 (rlchi-r In poUisli) 3,810 330
It will be noticed that the yields under the two systems
of manuring, both in hay and rowen, are substantially equal.
At cuiTont prices, the cost per acre of the fertilizers used on
plots 2 and 4 is about ^5 less than the cost of the materials
used on plots 1 and 8. As we have secured equal crops at
a materially lower price, the advantage is clearly with the
fertilizer combination richer in potash.
V. — Mani alonk Manurk and Potash.
By way of description of this exi)eriment, I cannot do
Mivv than to quote from the seventeenth annual report: —
Tluw cxiuTiinents, wliicli liave for tlicir object to show the
ri'lutive value as indi(!atcd by crop production of an average
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iippliciition of mimiire used alone, as compared with a smaller
application of manure used in connection with a potash salt,
were begun in 1890. The field used is level, and tlie soil of
comparatively even quality. It is divided into four quarter-
acre plots. The crop grown during the years 1890 to 1890,
1899 and 1900, 1903 and 1904, has been corn. In 1897 and
1898, and again in 1901 and 1902, the crop was mixed grass and
clover. Where manure is used alone, it is applied at the rate
of 6 cords per acre. AYhere manure is used with potash, the
rates of application are: manure, 4 cords; liigh-grade sulfate
of potash, 100 pounds per acre. Manure alone is applied to
plots 1 and 3; the lesser quantity of manure and high-grade
sulfate of potash to plots 2 and 4. Estimating the manure
alone as costing $o per cord, applied to the land, the money
difference in the cost of the materials applied is at the rate of
$0.40 per acre, the manure and potash costing that amount
less than the larger quantity of manure alone.
Mixed timothy, red-top and clover was sown in late
summer in the standing corn of last year. The following
tables show the rates of yield on the several plots and the
averages under the two systems of manuring :—
Yields 2i(ir Acre, 1905 (Pounds).
Plots. Hay. Rowen.
6,720 1,840
Plot 2 (manure and potasli) 5,8-20 1,200
Plot 3 (manure alone) 6,120 1,720
Plot 4 (manure and potash), 8,580 1,6-10
Average Yields per Acre {Pounds).
Plots. Hay. Rowen.
6,420 1,780
7,200 1,4-20
It will be noticed that the average yield on the two plots
receiving the smaller (piantity of manure and potash is some-
what greater than on the other two plots. Since this com-
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biiiation (4 cords of luaiiure and 160 pounds muriate of
|)ota.sh) costs $l).40 per acre less than the 6 cords of manure,
the advantage is decisively in favor of the combination.
VI. _ Experiment ix the Application of Manure.
This experiment was begun in 1899, and is to be continued
for a series of years. It is designed to throw light upon the
(juestion as to whether it is economically good policy to
spread manure during the late fall and winter and allow it to
remain on the surface until spring before plowing under.
This method of application is compared with the i)lan of
hauhng manure from the stable to the Held during the Avinter
and putting it into hirge compact heaps, from which it is
hauled and spread just before i)l()wing in spring. The field
ill which this experiment is tried slopes moderately to the
west. Ill further description I quote from the seventeenth
aiiMUJil report : —
To insure even quality of the manure used in tlie two systems,
it is our practice to manure two plots at one time, putting the
h>a(ls of manure as hauled to the field alternately upon the two,
in the one case spreading, but in the other putting a sufficient
number of loads to provide for the entire plot into one large
heap. We are using in this experiment five large plots, each
of wliich is subdivided into two subplots. For one of these
8ul)plot8 the mamire is spread when hauled out, for the other it
is put into a large heap. The area of these subplots is about
one-quarter of an acre, and to each the amount of manure ap-
plied is 11,U!»0 pounds. The manure from well-fed milch cows
is used upon eight subplots, and horse manure on two. The
manure used in this experiment is applied at different dates
during the winter, our practice being to allow the manure to
accumulate in the pits from whicli it is taken until there is a
8ul!icient quantity for at least two subplots. The condition of
the soil at the time of application and the nature of the weather
wliich follows must necessarily differ in the different experi-
ments; and these differences, together with the difference in
tlie dates of applieation above referred to, no doubt in a measure
account for tlie variation in the results of the two systems
noticed on the different plots.
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The crop raised in this field last year wa.s mixed corn ami
soy beans for ensilage. After the harvest of this crop the
field was well harrowed and sown to rye. This crop, which
was intended for cover, germinated but poorly and made
only a feeble growth. The crop of 11)05 was corn, —
a
number of different varieties received for comparison from
the United States Department of Agriculture, and Sibley's
Pride of the North of our own growing. These varieties
were so arranged that each plot and subplot had equal areas
of each. The soil was thoroughly prepared by plowing and
harrowing, and the seed was sown on ]\Iay 19. Soil and
seasonal conditions were favorable, and the growth was
uninfluenced, so far as could be recognized, by accidental
conditions. A number of varieties sown showed relatively
low i)roductive capacity, and the final yield was lower than
is usual in this section on well-manured land of similar
quality. The rates of yield per acre and the relative stand-
ing of the several plots are shown in the following tables : —
Corn and Stover.— Actual Yields (Rates j^er Acre).
Plots.
North Half, Wi
Application
NTER South Half, Spring
Application.
Stover
(Pounds).
Hard Corn
(Bushels).
Soft Corn
(Bushels).
Stover
(Pounds)
.
Hard Corn
(Bushels)
.
Soft Corn
(Bushels).
1, . . . 7,347 81.51 3.21 7,862 32.16 2.45
>>
"» • • • 7,150 25.96 2.99 7,763 32.08 4.00
3, . 6,806 22.13 4.36 7,713 27.25 3..-)3
4, . . . 7,447 24.44 3.06 8,.309 29.20 2.85
5, . . . 7,6.37 30.46 2.U S,026 32.48 2.31
Corn and Stover. — Relative Yields {Per Cent.).
Plots.
North Half, Winter
Application.
South Half, Spring
Application.
Stover. Hard Corn. Stover. Hard Corn.
1, • 100 100 107.0 102.1
2, . 100 100 108.6 123.6
3, . 100 100 113.
3
12:^.1
100 100 111.6 119.5
100 100 105.1 106.4
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It will l)e noticed that in every instance spring manuring
liiw given a larger yield both of stover and of hard corn
than^vinter ai)i)lication. This result is in general agree-
ment with those of earlier years, but the differences as indi-
cated by the relative yields are conipanitively small. The
winter of 11>04 and 1905 was characterized by uniform
temi)eratures, fairly dee[) and continuous snow cover and
absence of thaws. Such conditions are of course fav()i'al)le
to winter application, and the above-mentioned peculiarities
of season perhaps account for the smaller relative differences
in yield this year.
The svstein of njanuring designated as spring application
involves, as will have ])een noticed by the reader, twice
handling, w^hilc in winter application the manure is handled
but once. Spring ai)plicati()n, therefore, costs more than
winter application. As the result of our experience, we
estimate the money difference to amount to $4.80 per acre.
The avemge difference in the value of crops this year in
favor of spring a])i)lication, estimating stover to be worth
$5 per ton and the corn as husked 50 cents per bushel,
amounts to only $3.49 per acre,— a sum insufficient to
cover the increased cost of spring ai)plication. Even on
Plot 3, where the difference in favor of spring application is
greatest, the money difference in value of the crops on the
same basis as before is only $4.81, which barely covers the
iiici-eased cost of a|)pli('ation . The results for this season,
therefore, economically considered, indicate that spreading
the maim re as taken from the stable in the fall or winter is
to be preferred.
VII.
— KXTKHIMKNT 1\ MANURING GrASS LaND.
The plan of tiiis experiment, Avhich has continued now for
thirteen years, will be made clear by (]uoting from the six-
teenth annual re|)()rt : —
In this experiment, wliicli has continued since 1893, the pur-
pose is to test a system of using manures in rotation for the
production of grass. Tlie area used in the experiment is about
9 ueros. It is divided into three approximately equal plots.
The plan is to apply to each plot one year barnyard manure,
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the next year wood ashes, and the third year line-ground hone
and muriate of potash. As we have three plots, the system of
manuring has been so arranged that every year we have a plot
illustrating the results of each of the apjDlications under trial.
The rates at which the several manures are employed are as
follows: barnyard manure, 8 tons; wood ashes, 1 ton; ground
bone, 600 pounds; and muriate of potash, 200 pounds, per
acre. The manure is always applied in the fall ; ashes and the
bone and potash in early spring.
The past season has been mther unfavorable for the \)ro-
duction of large yields of hay, as there was a considerable
deficiency in both spring and summer rainfall. The yields
of hay and rowen and the total yields for each system of
manuring were at the following i-ates per acre : —
Fertilizers used. Hay(Pounds)
.
Rowen
(Pounds)
.
Totals
(Pounds).
3,738 1,210 4,(>48
Bone ami potasli, 3,326 1,249 4,575
1,047 4,86:3
The average yield of the entire area this year was 4,840
pounds per acre. The average yield of the entire area from
1893 to 1904, inclusive, has been 6,718 pounds per acre.
The average yield from 1893 to 1905, inclusive, has been
6,479 pounds per acre. The average yields under the
diflerent systems of top-dressing have been as follow^s : —
Pounds per Acre.
When toi3-dressed with manure, . . . .6,866
AVhen top-dressed with wood ashes, . . . .6,193
When top-dressed with hone and potash, . . .6,524
It will be noticed that the average yields of the entire
area for this year are much below similar averages for the
period.
VIII.
—
Nitrate of Soda for Rowen.
For the past five years we have been ex]^erimenting in
one of our fields for the purpose of determining whether
nitrate of soda applied soon after the first crop is cut will
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give II prnfitable increase in i\w rowen crop. The field where
t\uH experiment ha.s been tried was seeded to pure timothy
in the fall of 18l>7. The growth is now considerably mixed
with clover, which has been gradually coming in. The
whole field is uniformly fertilized for the first crop. The
mati-rials applied are usually put on in early spring at the
following rates per acre : nitrate of soda, 150 pounds ; muri-
ate of lK)ta.sh, 200 pounds ; fine-ground bone, 400 pounds.
This application usually gives us a good crop. The area
of the field is a little more than 3 acres. The rate of yield
in tlu' fii-st crop this year was 4,471 pounds of well-cured
hav per acre. In this field eight equal plots, containing
ahnost exactly Vn acre eaeli, have been laid out. Alternate
plots in the series of eight receive animally a top-dressing
of nitrate of soda. For the past two years, in order that the
nitmte may be more uniformly spread, we have mixed the
(piafitity to W applied to each plot with sufficient basic slag
meal to constitute an application at the rate of 400 pounds
]>er acre. To equalize conditions on the alternate plots to
which no nitrate is applied, the basic slag meal is applied to
all of these at the same rate. The rates of application for
the fertilizers on the several plots per acre and the yields
arc shown in the table :—
Xift'xfi of Soda for Iioireti.
PIOU. FSBTILUKBS CSBD (RaTBS FEB ACRX). Yield(Pounds)
.
Increase
per Acre
(Pounds).
1, 975
2. Slaj; meal, 400 pounds; nitrate of soda, 150 1,127 228
pounds.
Slag meal, 400 pounds, 822
4. Slag meal, 4(X) pounds; nitrate of soda, 150 1,036 305
pounds.
ft. Slag meal, 400 pounds, 640
«. Slag meal, 400 pounds; nitrate, of soda. 200 1,340 486
pi>unds.
J*. Slag meal, 400 pounds; nitrate of soda. 250 3,(X)9 i,y42
pounds.
It will be noticed that the nitrate of soda wherever applied
given an increase in the crop. This increase is relatively
small in all the plots except Plot 8, where it is at the rate of
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nearly 1 ton per acre. During all the years that this experi-
ment has been tried on this land it has been found that the
yield on Plot 8 has been much the largest in the fall. True,
this receives the heaviest application of nitrate, but it is not
believed that the superiority in yield is entirely due to this
difference. Tiie moisture conditions are more favorable to
growth during the late summer in this plot than in the
others. During the five years that this experiment in the
use of nitrate of soda for the rowen crop has been tried on
this field, it has seemed to give increases sufficient to make
the application profitable only in two trials ; and, on the
whole, the results of our experiments are not favorable to
the conclusion that it will usually be found profitable to use
nitrate of soda for the rowen crop. The soil in this field is
a strong and retentive loam. It is, of course, quite possible
that on soils of different character the results of the use of
nitrate for rowen will be more favorable.
IX.
—
Fertilizers for Garden Crops. (Field C.)
In this experiment the principal object in view is to
study the effect of some of the standard fertilizing ma-
terials upon the yield and quality of garden crops. During
the earlier years of the experiment, 1891 to 1897 inclusive,
fertilizers alone were applied to the land. It was then de-
cided that, since market gardeners as a rule employ large
quantities of manure, the value of the experiment to those
eng-aged in that branch of agriculture would be increased by
appljang manure equally to all the plots, while still con-
tinuing the application of fertilizers. During the earlier
years of the experiment there Avere but six plots, on all of
which fertilizers were used. With the change in system
alluded to a seventh plot was introduced, and to all of the
seven plots stable manure at the rate of 30 tons per acre
has since l)een annuall}^ applied. It is intended that the
seventh plot, on which manure alone is applied, shall serve
as a basis of comparison with the others, in order that we
may learn whether, and, if so, to what extent, any fertilizers
prove beneficial. The seventh plot immediately adjoins the
others, but previous to its inclusion in this experiment it
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had been manured somewhat differently. For the first few
years the product on manure alone on this plot exceeded
the product with equal manure and fertilizers on the other
plots. This initial superiority is gradually disappearing,
and the product of most of the crops where the fertilizers as
well as manure are used now exceeds that upon the seventh
plot, where manure only is used. It is possible that the
seventh i)lot does not even yet serve as a fair basis for com-
parison ; but the following crops on most of the i)\oU, where
fertilizers in addition to manure are used, have given yields
sutlieientK' greater than those produced where manure alone
is used to nuich more than pay for the cost of the fertilizers,
viz. : aspanigns, rhu])arl), peas, squashes, tomatoes and
table Ix'cts. It should be i)ointed out, however, that such
increase was in most eases very small where sulfate of am-
monia is one of the fertilizer materials used. Indeed, with
as|ttinigus the combination of manure and fertilizers contain-
ing sulfate of anunonia gave a smaller yield than manure
alone. With tomatoes the increased yield was mainly con-
Hned to green fruit. The fertilizers did not materially in-
crease the vii'ld of ripe fruit as compared with the yield
obtained on manure alone. Some crops showed no increase
at all on the plots where fei*tilizers were added to the manure.
Among these were celery and turnips, while cabbages gave
either no increji.se at all or one which was insiornifieant.
Practically all important out-door garden crops have been
grown in rotation upon each plot, and each crop during
several years. The cro})s so far grown are as follows
:
spiiuuli, lettuce, onions, garden peas, table beets, early
and late cabbages, potatoes, tomatoes, squashes, cucumbers,
turnips, sweet corn, celery and strawberries. One row
each of asparagus and rhubarb was set in each plot in 11)02.
The first cuttings were made last year.
As stated in my last annual report, these " expenments have
iH'en planned with reference to throwing light especially upon
two points
: .1. The relative value of nitrate of soda, sulfate
of anunonia, and dried blood used as sources of nitrogen.
/i. The relative value of sulfate of potash and muriate of
p(»t4ish. These two points will be separately discussed."
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A. — The Relative Value of Nitrate of Soda, Sulfate of
Ammonia and Dried Blood as Sources of Nitrogen,
The three fertilizers under consideration have from the
first been applied in such amounts as to furnish nitrogen at
the rate of 60 pounds per acre to each plot. Each fertilizer
is always applied to the same plot. To furnish 60 pounds
of nitrogen, the ai)plication of the fertilizers at about the
following rates per acre is required :—
Pounds.
Nitrate of soda , . . . . . . . . ;375
Sulfate of ammonia, ....... 300
Dried blood, 650
Each of these fertilizers is used on two plots, on one of
which the source of the potash is the sulfate, on the other
the muriate, in both cases in such quantities as to furnish
equal actual potash. In addition to the nitrogen and potash
fertilizers, dissolved boneblack is applied at the rate of 320
pounds per acre to all plots. The amount of actual potash
applied is at the rate of 120 pounds per acre ; the amount
of actual phos})horic acid at the rate of 50.4 pounds per acre.
The source of the potash used affects the results on some of
the crops in a marked degree. This is especially the case
where sulfate of ammonia is the source of nitrogen.
The results obtained previous to this year may be summa-
rized as follows : —
For the early crops, i.e., the crops making most of their
growth before mid-summer, including onions, lettuce, table
beets, garden peas, spinach, early cabbages and strawberries,
the nitrate of soda has been found the most effective source of
nitrogen.'
The relative standing of the different nitrogen fertilizers,
as measured by the total yields, including leaves, vines and
tops, as well as the marketable product, is as follows for the
early crops : —
Per Cent.
Nitrate of soda, 100.00
Dried blood, 95.64
Sulfate of ammonia, . . . . . .00.95
^ Sixteenth annual report, Hatcli Experiment Station, p. 124.
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For the late crops, including late cabbages, celery, toma-
toes, turnips and squashes : —
Xitrate of sfHla,
Driitl l»loml.
Sulfate of ammonia.
Per Ceut.
100.00
98.88
78.74
The relative average standing of the sulfate and muriate
of potash, }\s indicated bv the total yield of all crops grown
in Field C previous to this year, is showji in the following
table : —
FEBTILIZBBS U8BD. Early Crops(Per Cent.).
Late Crops
(Per Cent.).
100.00 98.32
100.00
For the past year the relative standing of the nitrogen
fertilizers for the early crops, including asparagus, rhubarb,
>^(nl\\ bcn ics, peas and table beets, is as follows : —
Per Cent.
Nitnili' of soda. ....... 100.00
DritMl blood. ........ 96.11
Sulfate of ammonia. ...... 92.83
I'or the late crops, including cabbages, celery, tomatoes,
turnip.-; and s(|uashes, the relative standing is :—
Percent.
Nitrate of soda. ...... 100.00
Dried blood.
.
, ^
. 97 22
Sulfate of ammonia. ...... 90.51
Combining the results for IDOf) with the fourteen previous
years, the relative standing of the nitroi^en fertilizers is :
—
For tin- early cro])
Nitrate of soda.
Dried blood.
.
Sulfate of annnonia.
For the lat^' erops
Nitrate of sod:i.
Dried blood.
Sulfat*' of ammoni.i.
Per Ceut.
100.00
95.G7
63.08
Per Ceut.
100.00
98.77
79.52
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The relative standing of the i)()tash salts tor the i)re8ent
year is : —
For tlie early crops : —
Per Cent.
Sulfate of potasli, 9G.52
Muriate of potasli, . . . . . . . K )().(>(
>
For the late crops : —
Per Cent,
Sulfate of potasli, 92.08
Muriate of potash 100.00
Combining the relative standing of the potash salts for
1905 with the figures indicating relative standing for the
fourteen previous years, the relative standing is : —
For the early crops : —
Per Cent.
Sulfate of potash, 100.00
]\Iuriate of potash, 94. GG
For the late crops : —
Per Cent.
Sulfate of potiish, 97.90
Muriate of potash, 100.00
The results of the experiments for this year will not he
reported in detail. The following points are worthy of
mention : —
1. Nitrate of soda appears to be the best source of nitrogen
for asparagus, table beets, cabbages and squashes.
2. Dried blood as the source of nitrooen has s^Wcn the
largest crops in the case of strawberries, peas, tomatoes and
celery.
3. Sulfate of potash as the source of potash seems to be
su})erior for asparagus, peas, beets and cabbages.
4. Muriate of potash gives results superior to those ob-
tained Avith the sulfate for rhubarb, strawberries, squashes,
tomatoes and celerv.
5. Sulfate of annnonia for i)ractically all crops appears to
have been the poorest material used as a source of nitrogen.
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X. — Alfalfa.
Our experiments witli alfalfa have been continued both
upon our own t^-ounds and those of a few selected farms
in different parts of the State. We are bringing to bear
u|H)n these oxperiinonts information in regard to successful
methods from every possible source. We find in all cases
a distinct benefit from a heavy initial application of lime.
We have used from 2,000 to 8,000 pounds per acre. We
are enriching soils already naturally good by heavy applica-
tions both of manures and fertilizers, using materials which
experience has proved best. We are also giving the soil a
most thorough i)reparatory tillage. It has usually been
fall-plowed, and in addition it is plowed in the spring, and
repeatedly harrowed to destroy w^eeds which start in the
early part of the season. We have tried inoculating the
soil both with earth ()))tained from a field in New York,
wlien' alfalfa is successfully grow^n, and with the cultures
sent out by the Department of Agriculture and prepared by
private firms. We have not attained such degree of success
as justilit's us in reconnnending the crop. We haye occa-
sionally got a fair stand of alfalfa, but in all cases the
winters prove more or less injurious. In the course of a
few years the alfalfa is mostly crowded out by grasses and
clovers. The alfalfa almost every year sutlers from leaf
spot, which tends to cut down the yield.
We have found a very distinct benefit from the inoculation
with earth from the New York alfalfa field. We have not
found an e(iually distinct benefit to follow inoculation with
any of the cultures; and, although we are not as yet ready
to make a final ri'})ort, it should be here remarked that the
most careful experiments on the use of these cultures in
sterilized soils, under conditions calculated to give accurate
results, indicate that they have little if any value.
In our various exi)eriments alfalfa has been tried on a wide
variety of soils. We have had a quarter of an acre field
up(»n a coarse-textured soil upon a fiirm in this neighbor-
hood where there is never any standing water within 50
to ()0 feet of the surface. Even on this soil the alfalfa,
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although it did fairly well for a year, has been injured by
successive winters, until it is at the present time almost
ruined.
In this connection I call attention further to the fact that
Mr. D. S. Bliss of the Dei)artment of Agriculture, who has
been making special efforts to promote the introduction of
alfalfa into Xew England, and who has travelled extensively
for the purpose of studying the results obtained, now speaks
very discouragingly as to the outlook in general.
In conclusion, while we are not inclined to discourasfe
experiments w^ith alfjilfa, we do wish most emphatically to
caution against engaging in these experiments upon an
extended scale, for we feel that disappointment is almost
inevitable.
XI. — Poui/rRY Experiments.
Our work with poultry during the past year has had the
same general purpose in view as in former years, namely, to
throw light on the question of the proper selection of feeds
for laying fowls. The fowls used in the experiments were
pullets of our own raising, and matched flocks have been
kept, as in former years, each in a house by itself, all
the houses being of precisely similar dimensions and con-
struction.
1. The two flocks in houses Xos. 1 and 2 have been fed
on rations chamcterized by high content both of ash and fat
and low fiber. The deficiency of wheat in fat as compared
with corn is made up in the ration fed to the fowls in House
No. 1 by the use of corn oil, the total amount of fat in the
foods used being substantially the same for the two rations.
This experiment, therefore, in a general way affords o})i)or-
tunity to test the relative value for egg production of wheat
and corn. The ration fed the fowls in House Xo. 1 contains
a relatively high percentage of protein, and has a narrow
nutritive ratio. The ration used in House Xo. 2 contains
a relatively low percentage of protein, and has a wide nutri-
tive ratio. The animal food used in both these rations was
beef sci-aps. The following results Avere obtained : for the
first period, March 2 to ^lay 12, inclusive, the wheat ration
produced eggs at the average rate of .39 per hen day, the
HATCH EXPERIMENT STATIOX. [Jan.
corn rution at the mte of .45 per hen day ; in other words,
100 hens would have laid 89 eggs per day on the wheat
ration and 45 eggs per day on the corn ration. For the
second peri(jd, May 13 to September 23, inclusive, the wheat
ration produced an average of .31 eggs per hen day, the corn
nition at the rate of .41 eggs per hen day ; in other words,
during the summer })eriod KM) hens would have laid 31 eggs
per day on the wheat mtion and 41 eggs per day on the
corn ration. The avemge food cost per egg produced was :
for the wheat ration l.()3l) cents, for the corn i-ation .749
cents, for the tirst i)eri()d ; while for the second period the
cost per egg on the wheat ration was .895 cents and for the
com ration .70.'). The gross cost of the food on the wheat
ration varied from about .2(i cents to .37 cents per day for
viwh fowl : while on the corn ration the cost varied from .27
cents to ..JO eents i)er day. The number of eggs on the
corn ration was considerably greater than on the other, and
the cost per egg was much smaller. This result is in agree-
ineiil with the results of most of the similar experiments
whieh we have tried in earlier years. We are certainly
justified in the conclusion that corn has superior merits for
egg ]>rodu('tio!i as compared with wheat.
2. The rations fed to the fowls in pens Nos. 3 and 4 were
ehanicterized by relatively high ash and low fiber content.
Milk albumen was used as the source of animal food on
account of the low percentage of fat it contains; and the
rations fed to the fowls in both of these pens were character-
ized by much lower fat content than the rations fed to the
t'nwis in pens Xos. 1 and 2. As in the first set of compari-
sons, the fat content of the two rations used in pens Nos. 3
an<l 4 was eijualized l)y the addition of corn oil to the one
naturally lower in fat. In this experiment, as in the first,
wheat was the leading whole grain in the ration fed to the
fowls in One house (No. 3) ; corn the leading whole grain
nscd in the other house (No. 4). The results with the
tow Is in these houses, like the results obtained in houses
Nos. 1 und 2, afford a basis for estimating the relative value
nf wheat and e(»rn, but with a relatively low percentage of
tat ui both. The egg product in this experiment was as fol-
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lows: for the first period, March 8 to May 12, iiickisivc,
th(^ wheat ration produced eggs at the average rate of .41
per hen day, the corn ration .89 per hen day; or, in other
words, 100 liens would have laid on the wheat ration 41
eggs, on the corn ration 39 eggs, per day. For the second
period. May 13 to September 23, inclusive, the wheat ration
gave an average of .35 eggs per hen day, the corn ration .31
;
or, in other words, respectively for the wheat ration, an
average of 35 eggs per hundred hens daily, and for the corn
an average of 31 eggs. The food cost of the eggs in this
experiment was as follows : for the wheat ration during the
summer period, .845 cents per egg ; for the spring period,
1 cent per egg. For the corn ration, the food cost per egg
was .871 cents for the summer period ; .942 cents for the
spring period. The cost of food per hen daily on the wheat
ration varied from .273 to .372 cents ; for the corn ration,
from .248 to .333 cents. In this experiment the wheat ra-
tion gave a somewhat better egg yield than corn, but at a
higher average cost per egg. The experiment indicates,
therefore, that, unless the fat content of the ration is rela-
tively high, the more starchy foods are not sufficient to
produce a satisfactory egg yield, and the product falls below
that obtained from feeding a ration higher in protein.
3. The fowls in houses Nos. 5 and 6 were fed rations in
both cases characterized by low protein, high ash and high
fat content, the deficiency of fat in the grains selected being
made up by the use of corn oil. The fowls in Pen No. 5
were fed grains, including oats and oat feed, characterized
by a high proportion of fiber. Those in Pen No. 6 were
fed grains among Avhich rice was prominent, characterized
by a low percentage of fiber. The experiment in these
houses, then, was calculated to throw light upon the influ-
ence of fiber on egg production, the nutritive ratio in the
two houses being substantially the same, — about 1 to (i.5.
In these houses beef scraps was the animal food used. The
results were as follows : For the period March 2 to May 12,
inclusive, the egg production was : for the oat ration (high
fiber) .40 eggs per hen day, for the rice ration (low fiber)
.42 eggs per hen day ; or, in other words, from 100 hens
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daily respectively 40 and 42 eggs. For the second period,
Mav 13 to September 23, inclusive, the averages were: on
the' oat ration .38 eggs per hen day, on the rice ration .46
eggs ix;r hen day; or, from 100 hens daily respectively 38
and 46 eggs. The food cost of the eggs has been as follows :
for the oat ration during the first period 1.019 cents, for the
second period .930 cents ; for the rice ration for the first
l)eriod 1.103 cents, for the second period 1.048 cents. The
cost of food per hen i)er day has varied for the oat ration from
.32 to .40 cents ; for the rice ration from .412 cents to .423
cents per dav. The rice ration, as last year, has given a
very satisfactory yield of eggs, but, as was then stated, its
high price at the present time renders it poor economy to
use it. We are employing it in these experiments because
it contains less fiber than any other grain, and we are trying
to throw light upon the influence of fil)er in egg production.
The indication this yinir, Jis last, is very clear that this influ-
ence is unfavorable.
The nutritive mtios in the food combinations used in the
difliTcnt experiments of the past year have been as follows
:
for the rations where wheat is comi)ared with corn with
beef scraps for animal food and high fat content, — for the
wheat ration, between 1 to 4.57 and 4.26 ; for the corn
ration, between 1 to 6.69 and 5.81 ; for the experiment in
which wheat is comi)ared w4th corn w^th milk albumen and
lK*ef scraps for animal food, — for the wheat ration, between
1 to 4.03 and 4.54 : for the corn ration, 1 to 6.28 and 5.84 :
in the experiment in which oats and rice have been compared
with high fat content, — for the oats, between 1 to 5.88 and
(5.49 ; for the rice, between 1 to 5.84 and 6.53.
Our experiments clearl}^ do not supj^ort the view that a
narrow nutritive ratio is essential to good egg production.
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EEPOKT OF THE HORTICULTURIST.
F. A. WAUGH.
The work of the division of horticulture for the past year
has followed the lines announced in previous reports. It has
been concerned chiefly with the propagation of plants, more
especially dwarf fruit trees, with problems in pruning, and
with the systematic study of varieties. During the year
some interesting experiments in the growing of mushrooms
have been under way. There follows herewith a report of
progress in the experiments in pruning peach trees of
l)earino^ as^e.
Pruning Peach Trees.
A year ago this department made a report on experiments
in pruning peach trees. ^ Another year has thrown new
evidence on the problems involved, so it seems best to take
up the subject again. In the mean time the trees have borne
a considerable crop of fruit, and their behavior under this
load has been particularly interesting.
Last year's report dealt with various problems, one of
which was the practice of pruning frozen peach trees to help
their recovery. Briefly stated, the experiment comprised
four methods of treatment, as follows : (a) no pruning
;
moderate pruning
; (c) severe heading back ; (d) cutting
back to stubs, or "dehorning." The results of these various
methods of pruning, as developed up to the time of making
last year's report (December, 1904), showed that moderate
pruning was to be preferred. It may be said at once that
this general conclusion stands without much modiflcation,
though the severely pruned trees made a relatively better
showing under the stress of a good crop of fruit.
' Hatch Experiment Station, seventeenth annual report, p. Itj2 (11K)5)
.
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Prrliaps the fact most obviously developed by the year .-
exi)crience is that the trees were niore severely injured by
the freezes of 11102-03 and 11)03-04 than had been supposed.
From week to week one tree aft^r another broke down or
split down or lost large branches, through the stress of winds
or growing fruit crop. As each successive tree broke down,
it was plaiidv to be seen that tiic wood had been seriously
injured bv freezing, and that it had not recovered. Though
the tree kept on growing, adding fresh and healthy outer
layers of wood, the interior was dead and decaying. In
manv <-ases tliis decay wjis serious, and had extended through
eonsiderabh' areas of tissue. ^Vlany fungi (mostly sapro-
phvtes such a-; feed on dead wood) had gained a foothold,
and seemed to be out-thriving the i)each trees.
These evidences of decay, especially the larger fungi
(polvpori, etc.), were most conspicuous on the ''dehorned"
trees. A few of these trees have finally succumbed during
the sunnner of IDOo, and it is now i)lainer than it was a year
UL^o liiat tliis luctliod of treating severely frozen peach trees
is not to l»c rcconunended. An additional draw])ack lay in
the fact that the trees bore little or no fruit in 11)05, while
all the other trees in the experiment bore a good crop.
Perhaps a word of explanation should be added to this
statement of the case. This method of pruning peach trees
back to mere stubs has its uses, as in renewing the head
when a tree is to be rebudded to a new variety. It can be
successfully carried out, but only on vigorous and compara-
tively young trees. Trees Aveakened by freezing are i)re-
<'isely the ones which cannot respond to such vigorous
treatment.
Coming next U> the trees severely headed back (from which
pnu tieally all the one-year-old wood was removed in the
spring of IDO.V), we tind conditions much better. There
are some manifest evidences of the injury received during
the freezes of two and three winters ago, some broken limbs
and some growth of sa})rophytic fungi ; but the trees show
strong, sturdy tops, with a very satisfactory annual growth
for iDOf). The trees bore a good crop of fruit in 1905, and
are in the best condition of any in the orchard for carrying
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another crop in lllOi). While trees severely headed back
recovered less readily from the ettects of freezing, those
u'hich finally bore the crop made distinctly better growth for
the pruning.
The trees lightly pruned were cut back only a part of the
previous year s annual growth, — from one-third to one-half.
The largest percentage of recovery Wiis shown by these trees,
and they bore slightly larger crops of fruit in 1905 than any
of the others. On the other hand, there appeared to be more
breakage of large branches, the heads are left in less satis-
factory form than on trees severely headed back, and the pros-
l)ect for carrying a good croj) in 1906 seems to be slightly
less.
The trees left without pruning are now distinctly the
poorest in the orchard, with the exception only of those that
were ''dehorned.'' The percentage of loss Avas high, the
crop of 1905 was inferior to that on the pruned trees, and
the present condition of these trees is unsatisfactory.
As the result of this experiment, the following practice
would seem to be indicated : —
1 . Prune peach trees moderately, removing not more than
one-third to one-half the previous year's annual growth,
when the wood has been injured by freezing.
2. When only the fruit buds are killed, the wood being
uninjured and the trees in good condition, prune severely,
c'uttinor back the annual orrowth to two or three buds. It
may be expedient to cut some branches back even into two
or three year old wood.
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KEPOUT OF THE CHEMIST.
DIVISION OF FKRTILIZERS AND FERTILIZER
MATERIALS.^
CHARLES A. (iOESSMANN.
As.M>laiit:> IIKNIJI P. IIASKINS, KDWAHD G. l»KOLLX, E. T. LAUD.
pAiiT 1. - li('i)()rl on Ollicial Inspection of Commercial Fer-
tilizers.
IVvicT 11. — Report on (Jeneral Work in the Chemical Lab-
oratory.
Paiit L— Repout on Official Inspection of
Commercial Fektilizers and AcaiicuLTUKAL
Chemicals durixu the Season of 1905.
cnAHLES A. c;op:ssmann.
Tlie total nnmber of nianiitactiirer.s, importers and dealers
in «()min('rcial fertilizers and agricultural chemicals who
have secured licenses durinc: the past season is 64 ; of these,
have offices for the jreneral distribution of their goods in
Massachusetts, H in New York, (> in Connecticut, 3 in Ver-
mont, '2 in Ohio, 1 in Rhode Island, 1 in Maryland, 1 in
Tennessee, 1 in Arkansas, 1 in iMissouri, 1 in Canada, 1 in
New Jersey and 1 in Pennsylvania.
' See also tables in Appendix.
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Three hundred and twenty-six brands of fertilizers and
airricultural chemicals have been licensed in Massachusetts
during the year. Five hundred and seventy-four samples
of fertilizers have been collected up to the present time, in
our general markets, by experienced assistants in the station.
Five hundred and eleven samples had been analyzed at
the beginning of December, 1905, representing 313 distinct
brands of fertilizers. These analyses were i)u])lished in two
bulletins of the Hatch Experiment Station of the Massachu-
setts Agricultural College : No. 104, July ; No. 107, Novem-
ber, 1905. The analyses of other officially collected samples
of fertilizers not included in these two bulletins will be pul)-
lished in our next bulletin, in March, 1906. About the
same number of fertilizers were licensed in Massachusetts
during the year as in 1904. The results of our inspection
work show 18 more samples analyzed during the season
than for the previous year.
The following table gives a brief abstract of the results of
analyses of the official commercial fertilizers in comparison
with the year previous : —
1904. 1905.
(a) Where three essential elements of plant food were guaranteed : —
Number with three elements equal to or above the highest guarantee, . 7 3
Number with two elements above the highest guarantee, 32 16
Number with one element above the highest guarantee, .... HI 83
Number with three elements between the lowest and highest guarantee. 190 203
Number with two elements between the lowest and highest guarantee, 146 138
Number with one element between the lowest and highest guarantee, . 48 38
Number with three elements below the lowest guarantee. none 1
Number with two elements below the lowest guarantee 12 25
Number with one element below the lowest guarantee 103 92
{b) Where two essential elements of plant food were guaranteed : —
Number with two elements above the highest guarantee. s 3
Number with one element above the highest guarantee, .... 16 29
Number with two elements between the lowest and iiighest guarantee. 20 13
Number with one element between the lowest and iiighest guarantee,
.
19 23
Number with two elements below the lowest guarantee,.... 5
Number with one element below the lowest guarantee, .... 15 21
(c) Where one essential element of plant food was guaranteed : —
16 4
Number between the lowest and highest guarantee 24 25
13 19
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Froiu the above tablo it will be seen that the quality of ^
the liceased fertilizers during the past year has not been up
to the usual standard.
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A ((Hiipiirison of the market cost of the three essential
rltMnoiits of plant food for 1905 with the previous year
shows the only variation to be in the various forms of
nitroj^en compounds : nitrogen in the form of nitrates, and
the higher grades of organic nitrogen, including nitrogen in
high-grade mi.xcd fertilizers, is a cent higher per pound
;
while the medium and lower grades of organic nitrogen also
show an increased cost of one-half cent per pound. All
nitrogen compounds, with the exception of ammoniates,
show somewhat of an incretise in cost as compared with
15104.
The above schedule of trade values was adopted by repre-
sentatives of the Mtissachusetts, Connecticut, Rhode Island,
Maine, Vermont and New rlersey experiment stations at a
conference held during the month of March, 1905, and is
I Wised upon ijuotation.s in the fertilizer market in centers of
distribution in New England, New York and New Jersey
during the six months preceding March, 1905, and refers to
the current market prices, in ton lots, of the leading stand-
aid niw materials furnishing nitrogen, phosphoric acid and
potassium oxide, and which go to make up our commercial
fertilizers.
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Table A, on the following page, gives the average com-
position of licensed fertilizers for 1905 ; Tal)le B gives a
compilation of analyses showing the average percentages, as
well as the maximum and minimum percentages, of the
three essential elements of plant food found in the so-called
special crop fertilizers put out by the different manufiic-
turers. This latter table shows how unsafe it is to be guided
wholly l)y trade name when selecting a fertilizer for any
special crop. Out of the several hundred feililizers that are
annually offered for sale in the general markets in Massa-
chusetts, it becomes no easy matter for the farmer to select
to meet his recjuirements in cases of the ready factory-mixed
ofoods. No infallible rule can be laid down, as soil condi-
tions vary so Avidely, and so much depends upon crop rota-
tion. It is safe to say, however, that the higher-grade
fertilizers are the most economical ones to buy. Those fer-
tilizers should be purchased which furnish the most nitrogen,
potash and phosphoric acid in a suitable and available form
for the same money.
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List of Mnmi/'icturers and Dealers who have secured Certificates for the
Sale of Commercial Fertilizers in the State during the Past Year
(Mat/ 1, 190.5, to May 1, 1906), and the Brands licensed by Each.
The Americ-Jin Afc'ri<-uUural Chemical Co
Boston, Mass. : —
HlK'h-grade Fertilizer witii Ten Per
Cent. Potash.
GraM and Lawn Top Dressing.
Tuljarro surter and Grower.
Fine Kround Ikine.
I)U»olve<l Houe ijlack.
Muriate of PoUish.
Double Manure .Salt.
HlKh-jfraile Sulfate of Potash.
Nitrate of Soda.
Dry Ground Fish.
Plain Su|>eri)hos|»hate.
Sulfate of Ammonia.
Kalnlt.
Drlwl Blood.
Fine ground Tankage.
Ground South Carolina Phosphate.
The American Agricultural Chemical Co.
(Bradley Fertilizer Co., branch), Bos-
ton, Mass. : —
Bradley's Complete Manure for Pota-
toes and Vegetnbles.
Bradley's ('omi)lete Manure for Corn
an<l (;rain.
BradU'v's Complete Manure with Ten
Per Cent. Pot^ish.
Itradlcy's Complete Manure for Top-
dressing Gniss and (irain.
Bra<lley'.s X L Superphosphate.
Bradley's PotJito Manure.
Bradley's PoUito Fertilizer.
Bradley's Corn Phosphate.
Bradley's Kcllpse Phosphate.
Bradley's Niagara Phosphate.
Bnidley's Knglish Lawn Fertilizer.
Bradley's Columbia Fish and Potash.
Bradley's Abattoir Bone Dust.
Church's Fish and Potash.
The Amerh-an Agricultural Chemical Co.
(IL.I. IWtker* Bro., branch), New York,
N.Y.-
Baker's A A Anunoniated Superphos-
phate'.
Baker's Complete I'otato Manure.
The American Agricultural Chemical Co.
(Clark's t;ove Fertilizer Co., branch),
BoHton, Mass. : —
Clark's Cove Bay State Fertilizer.
Clark's Cove Bjiy SUiU? Fertilizer,
G. G.
Clark's Cove Great Planet Manure.
Clark's Cove PoUito Manure.
Clark's Cove PotJito Fertilizer.
Clark's Cove King I'hllip (Juauo.
The American Agricultural Chemical Co.
(Crocker Fertilizer and Chemical Co.,
branch), BuflFalo, N. Y. :
—
Crocker's Potsito, Hop and Tobacco
Phosphate.
Crocker's Corn Phosphate.
The American Agricultural Chemical Co.
(C u m b e r 1 a n d Bone Phosphate Co.,
branch), Boston, ^Lnss. : —
Cumberland Superphosphate.
Cumberland Potato Fertilizer.
The American Agricultural Chemical Co.
(I-,. B. Darling Fertilizer Co., branch),
Pawtucket, R. L : —
Darling's Blood, Bone and Potash.
Darling's Comi)lete Ten Per Cent.
Manure.
Darling's I'otato Manure.
Darling's Farm Favorite.
Darling's Potato and Root Crop
Manure.
Darling's General Favorite.
The American Agricultural Chemical Co.
(Great Eastern Fertilizer Co., branch),
Rutland, Vt. : —
Great Eastern Garden Special.
Great Eastern Vegetable, Vine and
Tobacco.
Great Eastern Northern Corn Special.
Great Eastern General Fertilizer.
Great Eastern Grass and Oats Ferti-
lizer.
The American Agricultural Chemical Co.
(Pacific Guano Co., branch), Boston,
Mass. : —
Pacific High-grade General.
Pacific Potato Special.
Soluble Pacific Guano.
Pacific Nobsque Guano.
The American Agricultural Chemical Co.
(Packers' Union Fertilizer Co.. branch),
Rutland, Vt.: —
Packers' Union L'niversal Fertilizer.
Packers' Union Potato Manure.
Packers' Union Animal Corn Ferti-
lizer.
Packers' Union Gardener's Comi)lete
Manure.
Packers' Union Wheat, Oats and
( lover Fertilizer.
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The American Agricultural Chemical Co.
(Qiiinnipiac Co., branch), Boston,
Mass. : —
Quinnipiac Market-garden Manure.
Quinnijiiac Phosphate.
Quinnipiac Potato Manure.
Quinnipiac Potato Phosphate.
Quinnipiac Corn Manure.
Quinnipiac Climax Phosphate.
Quinnipiac Onion Manure.
The American Agricultural Chemical Co.
(Read Fertilizer Co., branch). New
York, N. Y.: —
Read's Practical Potato Special.
Read's Farmers' Friend.
Read's Standard.
Read's High-grade Farmers' Friend.
Read's Vegetable and Vine.
The American Agricultural Chemical Co.
(Standard Fertilizer Co., branch), Bos-
ton, Mass. : —
Standard Complete Manure.
Standard Fertilizer.
Standard Special for Potatoes.
Standard Guano.
The American Agricultural Chemical Co.
(Henry F. Tucker Co., branch), Boston,
Mass. : —
Tucker's Original Bay State Bone
Superphosphate.
Tucker's Special Potato Fertilizer,
The American Agricultural Chemical
Co. (Williams & Clark Fertilizer Co.,
branch), Boston, Mass.: —
Williams & Clark's High-grade Spe-
cial.
Williams & Clark's Americus Phos-
phate.
Williams & Clark's Potato Phospliate.
Williams & Clark's Potato Manure.
Williams & Clark's Corn Pliosphate.
Williams & Clark's Royal Bone Phos-
phate.
Williams & Clark's Prolific Crop Pro-
ducer.
The American Agricultural Chemical Co.
(M. E. Wheeler & Co., branch), Rut-
land, Vt. : —
Wheeler's Bermuda Onion Grower.
Wheeler's Potato Manure.
Wheeler's Havana Tobacco Grower.
Wheeler's Corn Fertilizer.
Wheeler's Grass and Oats Fertilizer.
W. H. Abbott, Holyoke, Mass. :—
Abbott's Animal Fertilizer.
Abbott's Eagle Brand.
Abbott's Tobacco Fertilizer.
The American Cotton Oil Co., New York,
N. Y. : -
Cotton-seed Meal.
Cotton-seed Hull Ashes.
The American Linseed Co., New York,
N. Y.:-
Cleveland Flax Meal.
Armour Fertilizer Works, Baltimore,
M(l. : —
Armour's Grain Grower.
Armour's Blood, Bone and Potash.
Armour's High-grade Potato.
Armour's All Soluble.
Armour's Ammoniated Bone with
Potash.
Armour's Bone Meal.
Armour's Complete Potato.
Armour's Corn King.
Armour's Market-garden Fertilizer.
H. J. Baker & Bro., New York, N. Y.: —
Castor Pomace.
Beach Soap Co., Lawrence, Mass. : —
Beach's Advance Fertilizer.
Beach's Reliance Fertilizer.
Berkshire Fertilizer Co., Bridgeport,
Conn. : —
Complete Fertilizer.
Potato and Vegetable Phosphate.
Ammoniated Bone Phosphate.
Joseph Breck & Sons, Boston, ^NLiss. : —
Breck's Lawn and Garden Dressing.
Breck's Market-garden Manure.
Bowker Fertilizer Co., Boston, Mass. : —
Stockbridge Special Manures.
Bowker's Hill and Drill Phosphate.
Bowker's Farm and Garden Phos-
phate.
Bowker's Lawn and Garden Dressing.
Bowker's Potato and VegetJible Fer-
tilizer.
Bowker's Fish and Potash (Square
Brand)
.
Bowker's Potato and Vegetable Phos-
phate.
Bowker's Sure Crop Phosphate.
Gloucester Fish and Potash.
Bowker's High-grade FertiHzer.
Bowker's Bone and Wood Ash Ferti-
lizer.
Bowker's Fish and Potash (" D
"
Brand).
Bowker's Corn Phosphate.
Bowker's Blood, Bone and Potash,
liowker's Early Potiito Manure.
Bowker's Bristol Fisli and Potash.
Bowker's Fine-ground Dry Fish.
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Buwkf.T Fertilizer Co., Ikiston, Mass.—
COH.
Ik>wker'B Tobacro Asli Elenienta.
liowker'B Wood Ashes.
Iktwker's round lione.
liowker'B .Su|KTpho8phat«.
.SulfaU; of Aiiiinouia.
Nitrate of .*H>da.
I)lMolve<l liijiie black.
Muriate of I'otash.
.Sulfate «»f PoUish.
I>rietl MIood.
lUiwker's Soluble Animal Fertilizer.
Itowker'rt Tobacco .SUirter.
Itowker'rt Tobacco AhIi Fertilizer,
liow ker's Market KJ»rden Fertilizer.
Itowker's Poliitth Bone.
llowker'sTeu I'cr Cent. Manure.
Kalnlt.
Bowker'B Complete Mixture.
Btiwkor'rt Ammonia ted Food for
Flowers.
Double Manure .Salt.
Iiowker'8 Tankage.
IJowker'rt Clover Brand Bone and
Wood Ash.
lUiwker'B Flour of Bone.
Bow ker'B Market Bone.
Bowker's (irouiid Phosphate R<M'k.
Bowker'B Aninioniated Dissolved
lioue.
Bowker'B Square Brantl Bone and
Totash.
liowker's rotasii or Staple I'hos-
phate.
Ik>W'ker'8 Si>eclal Fertilizer for Seed-
ing Down.
F. W. Brode A Co., Memphis, Tenn.: —
Owl Brand Pure Cotton seed Meal.
T. II. Bunch, Little Utw-k, Ark. . -
Cotton-Bivd Meal.
CharlcB M. Cox * Co., Boston, Mass. : —
Cottou-Bced Meal.
ChlcoiHH> llendering Co., Sprinjrileld,
Mass. : —
I.^w n and (iarden Dressing
VegcUible and ToUito Fertilizer.
K. Frank Coo Co., New York, N. Y.: —
K. Frank Coe's Higli-grade Ammo-
nlaU'«l Bone Superphos|»hate.
E. Frank Coe's tiohl Brand Excel-
Blor (tuano.
E. Frank Coin's Excelsior Potato Fer-
tilizer.
E. Fnmk Coe's Tobacco and Onion
Fertlll/.cr.
E. Fnmk Coe's Columbian Corn For
tUlzcr.
E. Frank Coe Co., New York, N. Y'.—
Con.
E. Frank Coe's Columbian Potato
Fertilizer.
E. Frank Coe's New Englander Potato
Fertilizer.
E. Frank Coe's New Englander Corn
Fertilizer.
E. Frank Coe's XXX Pure Ground
Bone.
E. Frank Coe's F. P. Fish and Potash.
E. Frank Coe's Red Brand Excelsior
G!uano.
E. Frank Coe's Celebrated Special
Potato.
E. Frank Coe's Grass and Grain Spe-
cial.
' E. Frank Coe's XXX Ammoninted
Bone Phosphate.
E. Frank Coe's Muriate of PotJish,
E. Frank Coe's Nitrate of Soda.
John C. Dow & Co., Boston, Mass. : —
Dow's Pure Ground Bone.
The Eureka Liquid Fertilizer Co., Boston,
Mass. : —
Eureka Liquid Fertilizer.
William E. Fyfe & Co., Clinton, Mass. : —
Hard Wood Canada Ashes.
R. & J. Fanjuhar & Co., Boston, Mass. : —
Clay's London Fertilizer.
C. W. Hastings, Ashmont, Mass. : —
Ferti Flora.
Thomas Hersom & Co., New Bedford,
Mass. : —
Bone Meal.
Meat and Bone.
Hunter Bi'others Milling Co., St. Louis,
Mo. : —
Prime Cotton-seed Meal.
John Joynt, Lucknow, Ont., Can. : —
Joynt Brand Hard-wood Ashes.
A. Klipstein & Co., New York, N. Y. : —
Carbonate of Potash.
Lister's Agricultural Chemical Works,
Newark, N. J. : —
Lister's Success Fertilizer.
Lister's Si^ecial Corn Fertilizer.
Lister's Special Potato Fertilizer.
Lister's Potato Manure.
Lister's High-grade Special for Spring
Crops.
Lister's Oneida Special.
Lister's Animal Bone and Potash.
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Swift's Lowell Fertilizer Co., Boston,
Mass. :—
Swift's Lowell Bone Fertilizer.
Swift's Lowell Potato i'hosphate.
Swift's Lowell Dissolved Bone and
Potash.
Swift's Lowell Animal Brand.
Swift's Lowell Market-garden
Manure.
Swift's Lowell Potato Manure.
Switt's Lowell Empress Brand.
Swift's Lowell Superior Fertilizer.
Swift's Lowell Special Grass Mixture.
Swift's Lowell Lawn Dressing.
Swift's Lowell Perfect Tobacco
Grower.
Swift's Lowell Ground Bone.
Swift's Lowell Special Vegetable
Manure.
Acid Phosphate.
Nitrate of Soda.
Mui-iate of Potash.
Tankage.
George E. Marsh & Co., Lynn, Mass. : —
Pure Bone Meal.
D. M. Moulton, Monson, Mass. : —
Ground Bone.
Mapes Formula and Peruvian Guano Co.,
New York, N. Y. : —
Mapes' Potato Manure.
Mapes' Tobacco Starter Improved.
Mapes' Tobacco Manure (Wrapper
Brand).
Mapes' Economical Potato Manure.
Mapes' Average Soil Complete Ma-
nure.
Mapes' Vegetable Manure or Comi)lete
Manure for Light Soils.
Mapes' Corn Manure.
Mapes' Complete Manure ("A"
Brand)
.
Mapes' Cereal Brand.
Mapes' Complete ]\Ianure Ten Per
Cent. Potash.
Mapes' Top-dresser Improved, Half
Strength.
Mapes' Tobacco Ash Constituents.
Mapes' Grass and Grain Spring Top-
dressing.
Mapes' Fruit and Vine Manure.
Mapes' Cauliflow'er and Cabbage Ma-
nure.
National Fertilizer Co., Bridgeport,
Conn. : —
Chittenden's Complete Fertilizer.
Chittenden's High-grade Special To-
bacco.
Chittenden's Market Garden.
Chittenden's Potato Phosphate.
National Fertilizer Co., Bridgeport,
Conn.— Con.
Chittenden's Ammoniated Bone.
Chittenden's Fish and Potash.
Chittenden's X X X Fisli and PoUiali.
Chittenden's Formula A."
New England Fertilizer Co., Bo.ston,
Mass.:—
New England Corn Phosphate.
New England Potato Fertilizer.
New England Sui>er|)hosphate.
New England High-grade Potato Fcr-
tilizer.
Olds & Whipple, ILirtford, Conn. : —
Complete Tobacco Fertilizer.
Vegetable Potash.
R. T. Prentiss, Holyoke, Mass. : —
Prentiss Complete Fertilizers.
Parmenter & Polsey Fertilizer Co., I'ea-
body, Mass. : —
Plymouth Rock Brand.
Special Fertilizer for Strawberries.
Special PotJito Fertilizer.
Nitrate of Soda.
A. A. Brand Fertilizer.
P. & P. Potato Fertilizer.
Pure Ground Bone.
Lawn Dressing.
P. & P. Grain Grower.
Star Brand Supei-phosphato.
Rogers & Hubbard Co., M i d d 1 e t o w n
,
Conn. : —
Hubbard's Oats and Top-dressing.
Hubbard's Grass and Grain.
Hubbard's Soluble Corn.
Hubbard's Soluble Potato.
Hubbard's Soluble Tobacco.
Hubbard's All Soils and All Crops.
Hubbard's Corn Phosphate.
Hubbard's Potato Phosphate.
Hubbard's Market-garden Phosi)liatt'.
Hubbard's Raw Knuckle Bone Flour.
Hubbard's Strictly Pure Fine Bone.
Rogers Manufacturing Co., Rock fall,
Conn, : —
All Round Fertilizer.
Complete Potato and Vegetable Fer-
tilizer.
High-grade Complete Corn and Onion.
Fish and Potash.
High-grade Tobacco and Potato.
High-grade Oats and Top-dressing.
High-grade Grass and Grain.
High-grade Soluble Tobacco.
Pure Knuckle Bone.
Ross Bros., Worcester, Mass. : —
Ross Brothers' Lawn Dressing.
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N. Boy ft Son, South A 1 1 1 e bor o ug h ,
Mam.: -
Complete Animal Fertilizer.
RoMla Cement Co., Gloucester, Mass. : —
E»*ex Dry Ground Fish.
Ks»ex Complete Manure for Potatoes,
Koot« and VegeUibles.
Eftflex Complete Manure for Corn,
Grain and (irasd.
K(«ex Market >,'anlen and Potato
Manure
Essex Corn Fertilizer.
Essex A I Superphosphate.
Essex X X X Flsli and Totash.
Essev Odorltrtd Lawn Dresrilug.
Essex Tol»ii« ro Starter.
Essex S|H-< lal Tobacco Manure.
Essex UliiKle Irtland S|»e«'lal.
Essex Grass and Top ilresslng.
Essex Nitrate of Soda.
Sanderson's Fertilizer and ChemlcJil Co.,
>ew Haven, Conn. : —
Sanderson's Formula " A ".
Sanderson's Formula " U".
Sanderson's INitato Manure.
Sander8»>n'8 Corn Superphosphate.
Sanderson's Fine ground Fish.
Snntlerson's Sulfate of PoUish.
Walker's Coniplete Phosphate.
Walker's C»)mplett^ Fertilizer.
Walker's High grade Fertilizer.
Mantle Hone, Fish and Potash.
Old Kellablc Sui^erphosphate.
The Smith AgrlcuUur.il ChemlcJil Co.,
Columbus, <). (Abbott & Martin Hen-
dcrlng Co., branch) : —
Ilar\-e8t King.
Tol»ac<-o and PuUito Spfciai.
The Smith Agricultural Chemical Co.,
Columbus, O. (Hardy Packing Co.,
branch) :
—
Tankage Bone and Potash.
Tobacco and Potato Special.
M. L. Shoemaker & Co., Limited, Phil-
adelphia, Pa. : —
Swift Sure Superphosphate.
Swift Sure Bone Meal.
Thomas L. Stetson, Rjtndolph, Mass. : —
Bone Meal.
A. L. Warren, Northborough, Mass. : —
W^arreu's Ground Bone.
The .Whitman & Pratt Rendering Co.,
Lowell, Mass. :—
Whitman <S Pratt's All Crops.
Whitnjan & Pratt's Corn Success.
Whitman * Pratt's Vegetable Grower.
Whitman & Pratt's Potash Special.
Whitman & Pratt's Pure Ground
Bone.
W^hitman & Pratt's Potato Plowman.
Wilcox Fertilizer Works, Mystic, Conn. :—
W^ilcox Potato, Onion and Tobacco
Manure.
WMlcox Potato Fertilizer.
W^ilcox Complete Bone Superphos-
phate.
Wilcox Fish and Potash.
Wilcox High-grade Tobacco Special.
Wilcox Dry Ground Fish.
Sanford W^inter, Brockton, Mass.:—
Pure Fine-ground Bone.
.1. M.Woodward & Bro., Greenfield,
Mass.: —
Tankage.
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Part II. — Eeport on General Work in the
Chemical Laboratory.
C. A. GOESSMANN.
1. x\nalyses of materials forwarded for examination.
2. Notes on wood ashes and lime ashes.
1. Analyses of Materials forwarded for
Examination.
We have received 257 samples of miscellaneous sub-
stances, during the season, from farmers within our State.
As far as circumstances and time permit we have taken up
these materials for analysis, and as a general thing have re-
ported results in the order of their arrival at this office. As
in the past, we have been obliged to neglect this class of
work until a lull occurred in the official inspection of com-
mercial fertiHzers. From December to April we have most
time to devote to the investigation of general material, and
for this reason would prefer to have the samples forwarded
whenever possible, so they may be taken up during these
months. This would insure more prompt reports of the
results of analyses.
We have taken the usual active part in the technical
chemical work of the Association of Official Agricultui-al
Chemists for the establishment of new methods of chemical
analysis, more particularly in regard to fertilizer work and
the analysis of insecticides. We have also been in co-
operation with the American Chemical Society and the
United States Geological Survey in regard to technical de-
tails in the chemical analysis of argillaceous limestone. The
results of these analyses were sent to the respective parties
in Washington.
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materials forwarded ])y farmers
durinf^ the year : —
SoiN. 54 Factory waste.
Wood allies, 47 Ashes from leather scrajjs.
Complete fertilizfis. Insecticides, .
Cotton-seed meal, 24 Oyster shells,
Lime ashes, QO Sulfate of ammonia,
Miseellaiieous materials, 7 lilooci, ....
Nitrate of sotla. G Wool waste ashes,
Manure, . . () Chicken grit.
Muck Tobacco dust,
Tankage. 4 Argillaceous limestone,
Superpljospliate. . 4 lUirned bone,
C(»tt<»n-luill a>li(v>. 4 I^ow-grade sulfate of potash
lt*l 1 iTi £ d1
lli«jli-«;nide sulfatr (tf potash. Kiver mud, .
dromul hoTH', Cob ashes.
Htine ami meat . . o.i Castor pomace.
Sheep iiianun-. 3 Linseed meal.
r«'ruvian guano, . o IMud from seaweed,
I > ... <
1 rat . . 3 Cotton-seed compost,
Dry ground ti>li, . 2 Damaged cocoa, .
Dissolvt'tl bone-black,
. 2 Prepared bone.
Wood i'han-oal. 2 Vegetable potash.
Muriate of potash. 9 Rotten cotton waste,
Carbonate t»f potash, 2
2. XoTE.s ()\ Wool) Ashes and Lime Ashes.
{(f) Wood As/tes.
Ki«>:liteen and oiio-lialt' iHM-cont. of the materials forwarded
by faniuTs during the year have been wood ashes. The fol-
lowing tal)lo shows their chomical composition as compared
with the previous year : —
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Analysis of Wood Ashes.
_
Number of Samples.
1904. 1905.
18 15
16 20
8 7
3 1
2 4
8 4
6 12
12 13
10 7
7 3
3 7
30 32
12 4
Average percent, of calciuin oxide (liiue), ..... 30.16 3-2.m
6 9
IS 14
Insoluble matter above 15 per cent
,
2(1 20
2'able showing the Maximum, Minimum a?id Average Per Cenls. of the
Different Ingredients found in Wood Ashes, 1904 and 1905.
Maximum. Minimum. AVEIlAGE.
1904. 1903. 1904. 1905. 1904. 1905.
Moisture at lOO" C, . 37.85 32.05 none. .02 14.42 13.45
Potassium oxide, 11.04 8.68 .80 2.32 4.51 5.09
Phosphoric acid, 6.07 4.74 .28 .38 1.37 1.67
Calcium oxide, . 42.86 49.24 19.73 21.17 30.16 32.;iO
Insoluble matter, 47.21 33.32 4.56 4.15 18.35 15.49
From the above comparison it will be seen that the ai>hes
analyzed daring the year are of much better qiialit}" than
for the year 1904. We wish to urge parties who buy wood
ashes to patronize those importers and dealers who have
secured a license for the sale of ashes in Massachusetts, for
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it is only in this way that they can secure protection by our
State laws. Wo(»d ashes should always be bought on a
statement of guarantee of ])otash, i)hosphoric acid and lime.
{b) Lime Ashes.
Table showing the Maximum, Minimum and Average Per Cents, of (he
Different Ingredients found in Lime Ashes, 1904 and 1903.
Haximcm. Minimum. Atbraob.
1904. 1905. 1904. 1905. 1904. 1905.
Moisture, .... 36.62 19.35 none. .05 10.88 11.18
rota8Bium oxitU-, 2.46 4.80 .06 1.02 1.54 2.47
riiospluirir acid, 1.48 trace. .18 • 74 .97
Cali-luiii oxhle, . 55.24 63.44 21.92 37.56 42.f« 49.34
Insoluble mnttiT, 26.47 28. le 2.76 3.21 8.11
It will be seen from the above comparison that the aver-
age composition of lime ashes for the past year is superior to
that of li>04. The only safe way to buy lime ashes is to
insist upon a guarantee of potash, phosphoric acid and lime
which tlicy iire said to contain.
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REPORT OF THE CHEMIST.
DIVISION OF FOODS AND FEEDING. ^
J. B. LIXDSEY.
Chemical Assistants: e. b. Holland, p. n. smith, e. s. fulton,' a. c.
WHITTIEK.
Inspector of Feeds and Babcock Machines : a. parsons,^ f. (;. h elyak.
Dairy Tester: s. r. parker.
In Charge of Feeding Experiments : j. g. cook,^r. f. gaskill.
Stenographer: mabel c. smith.
Part I.
—
The Work of the Year.
1. Correspondence.
2. Summary of laboratory vrork.
3. Water analysis.
4. Dairy products and cattle feeds.
5. Special chemical work.
6. Feed control.
7. Act for protection of dairymen.
8. The testing of pure-bred cows.
9. Work completed.
10. Work in progress.
11. Changes in staff.
Part II. Experiments ix Aximal Nutritiox.
1. Bibby's dairy cake.
2. Eureka silage corn.
3. Concerning wheat bran.
' See also tables in Appendix.
' Resigned Sept. 15, 1905.
3 Resigned July 1. l{)0o.
* Resigned Aug. 1, 11X)5.
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^xiiT J. — The Work of the Year.
J. li. LIXDSEY.
1. CORKESPONDEXCE.
The answering of in<iiiiries relative to feeding and dairy
problems has continued to be a feature of the correspondence
of this department, (train dealers appear desirous of being
well posted on the various feed stulis in the market, and arc
constantly writing for information. The total number of
Icttei-s of all kinds sent out during the year was approxi-
mately 3,()00.
'2. SiMMAKY OF Laboratory Work.
The usual variety of chemical work htis been carried out
(luring the year.
There have been sent in for examination 102 samples of
water, 7I»*2 of milk, 1,717 of creamy o of butter, 191 of feed
stuffs and (> miscellaneous. In connection with experiments
by this and other divisions of the station, there have been
analyzed, in whole or in part, 236 sami)ics of milk and
cream and 142 of fodders and feed stuffs. This makes a
total of 4,042 substances analy/.ed during the year, as against
l,2(;i last year and 3,897 in the previous year. Work on
the determination of sulphur in organic bodies, and nitrogen
compounds in cheese, not included in the above, has been
done for the Association of Official Agricultural Chemists.
In addition, 13 candidates have been examined and given
certificates to operate Ba])cock machines, and l,n()5 pieces
of glassware have been tested for accuracy, of which 197
pieces, or 11. 83 per cent., were condemned.
3. Water Analysis.
The experiment station has made a feature of sanitary
water analysis since its establishment in 1882. Within a
few years a charge of $3 a sample has been placed upon this
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work, in order to hold in check many who have seemingly
abused the privilege of free analysis. Instructions for secur-
ing an analysis are issued in circular form, as follows : —
Those wishing to secure a sanitary analysis of water must
first make application, whereupon a glass bottle securely en-
cased, accompanied by full instructions for collecting and ship-
ping the sample, will be forwarded by express. The return
express must in all cases be prepaid. Because of the smallness
of the sum involved, no account will be opened. Remittance
by check, P. 0. money order, or money at the owner's risk,
must be strictly in advance.
Address Dr. J. B. Lixdsey,
Hatch Experiment Station, Amherst, Mass.
The results of the analysis are forwarded on especially
prepared blanks, with such additional remarks concerning
the condition of the water, and its possible improvement,
as is warranted in each case. This station does not make
mineral analysis of water, excepting at rare intervals by
special arrangement.
4. Dairy Products and Cattle Feeds.
This department makes free analyses of milk, cream and
cattle feeds for farmers and others, in so far as its resources
permit. About the usual number have been received during
the year. Many farmers and dairymen desire to know the
percentage of fat and total solids in the milk produced by
their herd and by individual animals, and send samples to the
station for analysis. They are thus enabled to determine the
quality of the product placed upon the market, and also
the value of the cow for profitable milk production. The
quality of the milk shipped to Boston is carefully scrutinized
by the several contractors, and producers frequently send
samples to the station, to ascertain whether their product is
conforming to the legal requirements. Parties who have
been warned by the contractors, or have had their milk re-
fused, likewise forward samples, with requests for informa-
tion as to methods of betterment. The station tries to be as
helpful as possible in all such cases. One creamery sends
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iirt .'^niplos regularly, and others send occasional lots, when
not in condition t^) satisfactorily perform the Avork, or when
desiring to check their own results. A charge is made in
such cjtses sufficient to cover the cost of the work.
Farmers and grain dealers are constantly sending samples
of ferds for examination, to determine their value and
whether they are as rei)resente(l. This work takes consid-
ei-able time, but it Is worthy of encouragement. Tt must
not be undei-stood, however, that the station furnishes a free
chemical labonitory for Jobbers and nianufacturers who wish
to a>certain the composition of their feeds for commercial
purposes. The station does not solicit Avork of this charac-
ter, but is willing to undertake a limited amount for a rea-
<(»n!iMr conipeii^-ut ion.
.'). Si'KciAL Chemical Work.
During the year the department has undei*taken co-oi)era-
tive work on chemical methods in connection with the Asso-
(•iation of ( )lii( ial Agricultural Chemists, and has studied
particularly methods for the determination of sulphur in
oiganic subst^uices, and of nitrogenous compounds in cheese.
The department hjis also co-oi)ei*ated with the department of
botany in asceilaining the amount of starch and sugars in
rucumb(M' leaves, grown under definite conditions.
Fkki) ('<)ntim)l (Acts of 1903, Chapter 202).
The several })rovisions of this act have been executed as
heretofore. Bulletin No. 101, containing the analyses of
'Mh\ sjimi)les of feeds collected the previous autumn, was dis-
tributed early in January of 1905. This bulletin also con-
tain< d many remarks and suggestions on the nutritive and
commercial values of concentrates. Bulletin No. 10(i, sent
nut in October, I90o, gave the chemical and microscopic
aiialyx's of (;;> samples of condimental stock and poultry
foods, luid the results of an experiment with Pratt's food.
During the mcniths of January, February, March and April,
the inspector twice visited the most important cities and
towns in the State, and collected 4S1 samples of feeds. The
entire collection was tested during the late spring and early
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.summer. For tiiiancial reasons, it was not i)()ssible to pub-
lish the results in bulletin form. Those that were eonsidered
at all suspicious were examined by both the chemist and the
microseopist, and the attention of retail dealers, jobbers
and manufacturers called to any irregularities. Brief notes
regarding this collection were published in Bulletin No. !()().
The inspector canvassed the entire State in September and
October, and the 8()5 samples collected are now being exam-
ined, and the results will be ready for publication in Decem-
ber.
The large majority of manufacturers, jobbers and retailers
willingly conform to the re(juirements of the law. Consid-
erable difficulty is frequently experienced in obtaining a
statement in full, many omitting the weight of the package,
and a few stating the protein and fiit guarantees together.
Some maimfactiu'ers and jobbers have been lax in attaching
any guarantee whatever, and retailers have frequently offered
unguaranteed goods for sale. The station has endeavored to
be very patient with offenders, giving them full opportunity
to conform to the statute requirements. The writer recog-
nizes the diversity of conditions governing the purchase and
sale of the great variet}'' of concentrated feeds, and has been
willii\g to condone many technical violations of the law,
when it appeared that no intentional offence was intended.
Some parties seem inclined to take advantage of this seem-
ing leniency, and such it may be necessary to call to a sharp
account.
The value of an intelligent and tactful inspector cannot be
too strongh^ emphasized. Pie is in position to impart nmch
valuable information to the dealer, and to smooth out many
difficulties that may arise. The station finds it difficult to
retain the services of a satisfactory person for any length of
time, because of the small salary paid.
The great bulk of feed now offered is free from intentional
adulteration, and is as represented. Buyers, as a rule, have
only themselves to blame if they are defrauded. Much
cotton-seed meal is being guaranteed several per cent, lower
in protein than formerly, manufacturers claiming that it
does not pay them to completely remove the hulls. It is
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also stated that this lower-grade meal i.s shipped from other
territory than that formerly supplying the Massachusetts
markets.
(iluten feed and wheat by-products tested low in protein
during 190.5, owing to the interior chai-acter of the 11>04
corn and wheat.
P01I0 Kico molasses and a considerable variet}' of molasse>
feeds arc l)eing freely ollered. The station is making a
siH'cial study of these products, and hopes to publish the
results in bulletin form uilhin the next few months.
Kice bv-i)roducts in considerable (juantity are being sold
in the southwest, but as yet they have not been otlered in
local markets. Detailed information concerning the com-
position and value of concentrates may be obtained by con-
sulting tlic special bulletins on the subject.
7. An A( t Foi: thk Pkotkction of Daiuvmkn (Acts or
lilOl, C'liArTKK 202).
This act makes it obligatory for all creameries and milk
depots within the State, employing the Babcock test or any
other test for determining the value of milk or cream, to
liave all graduated glassware used in making such deter-
minations tested for accumcy by this station. It further
re(juires that all i)arties intending to operate such machines
must tirst be examined for competency b}^ the proper official
of the station. Once each year the stiition is obliged to send
a competent l)arty to each creamery and milk depot Avithin
the State where such machines are in use, to duly inspect
sjiid nuu hinesand })ron()unce u})on their fitness for the work.
This department has endeavored to carry (mt the several
jn-ovisions of this law with the same care as formerly. The
following is a brief report of the work for 1905 : —
Inspection trf (,'Iasftu'are. — All glassware found to be cor-
rectly gniduated has been marked ''Mass Ex St." There
were l,i;(;r> pieces exaniint'd, of which 197, or 11.83 percent.,
were condemned. The inaccurate bottles were largely of
the bulb type (liartlett). Until last year thes^ bottles have
l>een passed on accuracy of total graduation, as the usual
charge of .") cents a piece would not permit of additional
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testing. Because of the difficulty in securing a correct grad-
uation, it has been necessary to test the tliree distinct por-
tions of the scale at a corresponding increase in cost. The
use of this type of bottle is not to be encouraged.
Examination of Candida (ex. — A few less candidates than
usual were examined, and 13 cei-tificates of competency
issued. Many candidates showed poor manipulation, and
lacked a thorougli understanding of the metiiod. In case
of failure, applicants are obliged to Avait a month before a
second examination will be given.
Inspect io)i of Bahcocl: yfacJiines.— The inspection of ma-
chines the present yaav has been in charge of Mr. Fnink G.
I lelyar, who makes the following report : —
The annual inspection of Babcock machines was made in
November and December. Fifty-two places were either visited
or^eard from, of which number only 36 were amenable to the
inspection. Those creameries or milk depots that did not come
under the inspection were exempt for two reasons : some of them
do not possess a machine, but have their samples regularly
tested by city inspectors ; while others have machines, but from
all that can be learned they neither buy nor sell milk or cream
on the results of their own tests. In suspicious cases they carry
samples to the city inspector. There are three creameries paying
by the space and one by the churn test.
Of the total number, 3-1 were creameries and 18 were milk
depots. Of tlie 34 creameries, 19 were situated west of the
Connecticut River, and, as a rule, in the back-hill towns, away
from good transportation facilities. The rest of the creameries
were scattered throughout the eastern part of tlie State. The
milk depots, on the otlier hand, are situated nearer the large
cities. Twenty of the milk depots and creameries were co-
operative, while the rest were either proprietary or stock com-
panies. The number of co-operative creameries is steadily
decreasing.
As a whole, the machines were found to be in very good con-
dition, none being condemned, and only 3 needing repairs. The
cast-iron machine is being used in every place visited but 4.
The Facile is used in 19 places, the Agos in 9 and the AVizard
in 3.
Most of the owners of tlie Babcock machines have recognized
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the value of a substantial foundation as a factor in keeping tlieir
machines in good repair. Still, there are a few machines that
are being used on rather insecure and shaky supports. As a
result, these machines are always a little out of level, and run
with more or less unnecessary vibration. Some machines, even
with repairs suggested in previous inspections, still overheat the
samples. The operators of these machines counteract this by
allowing the machine to run a few moments at the end of the
test with the cover lifted. No machine was found that in-
sufficiently heated tlie samples. The steam gauges, with only
one or two exceptions, were found to be in good order. In
those cases where tliey were not in good order, speed indicators
are used k) check up the speed of the machines.
Only in one place was untested glassware found. In some
cases it was not as clean as it ought to be, but, on the whole,
may be said to be in very good condition.
In addition to the regular work of the inspection, 4 city milk
inspectors were visited. Only 1 desired an examination, llis
machine, an electrical Wizard, was given a certificate.
The above law is not as comprehensive as one could wish.
It makes no financial provision for the purpose of carrying
out the provisi(ms of section 3 (inspection of machines) , but
rciiuii-es the director of the station, or his agent, to make
the insjH'ction, and to assess the cost upon the several cream-
eries inspected. The station is obliged to advance the expense
out of its treasurv, and collect 35 or 40 small bills resultint;.
Most creanu'ries pay with a reasonable degree of promptness,
but a few parties are obstinate and sh)\v.
After the station has issued a certificate of competency^ to
the opeiiitor of a Babcock machine, it has no further control
over said party, even though he may i)rove careless, and even
dishonest in his future operations. The law could be im-
proved, and thus nfive a fuller measure of protection to dairy-
nu ii, by a small annual State appropriation, together with
tin- neiessjiry authority to make a semi-annual inspection of
all Habcock or similar machines, and of all ghtssware used in
connection therewith, and by empowering the dii-ector of the
exiHM'iment station, or some other competent party, to rescind
the license of all operators who do not appear to be satis-
fact<»rily performini:- their duties.
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8. The Testing of PruE-nuEi) Cows.
Breeders of pure-bred Jersey, Guernsey luid Ilolstein
cattle are making tests of the weekly and 3'early yields of
milk and butter fat produced by their cows, under the rules
and regulations of the several national cattle clubs. The
rules require that these tests be made under the strict super-
vision of an officer of the Agricultural College or Experiment
Station. This department has undertaken the work for
Massachusetts breeders. Considerable more testing has been
required during 1905 than heretofore, necessitating the tem-
porary em})loyment of 5 different inspectors at one time. It
is frequently quite difficult and time-consuming for the
regular employees to be required to meet the sudden de-
mands of breeders for men to do work of this diameter,
although thus far all calls for men and apparatus have been
met promptly. Breeders ought to give the station at least
ten days' notice. The cost of this work is paid by the par-
ties for whom it is done, and includes testers time at $2 to
$2.50 a day, board, travelling expenses and breakage. There
are at present 44 Jerseys and 29 Guernseys under yearly
tests, belonging to F. L. Ames, North Easton, N. I. Bow-
ditch, Framingham, W. L. Cutting, Pittstield, C. II. Jones,
Wellesley Farms, A. 11. Sagendorph, Spencer, Storrs Agri-
cultui*al College, Storrs, Conn., C. I. Hood, Lowell, A. F.
Pierce, Winchester, N. H., and R. A. Sibley, Spencer.
Eight seven-day milk and butter fat tests have ])een made
for the Jersey Cattle Club, and 37 for the Holstein-Friesian
Association, and the yearly tests of 32 Jerseys and 12
Guernseys have been completed.
9. Work completed.
Eureka Silage Corn. — A two-years expei-iment, to study
the composition, digestibility and economic value of this
corn, a coarse southern dent, as compared with a medium
dent that will mature its seed in our latitude, has been com-
pleted, and the details and conclusions reported in Part II.
of the present report.
The Value of Wheat Bran.— The results ot a study of the
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cost of digestible i)rotein and total digestible matter in wheat
bran, a.s well as the use of bmn in the farm economy, are
presented quite fully in Part H.
Bihhifs Dan'II Col'f.— Digestion tests and an expenment
with dairy cows have been completed with this feed. The
details of thc cxpcrinicnt, and the conclusions, will be found
as a portion of Part I I.
' Market Milk, Us I^rodacfton and Composition. — This
dejiartment has investigated the conditions governing the
])roducti()n of milk in the territory supi)lying Amherst and
N()rthami>ton, as well as the chemical and bacteriological
composition of the milk. It is believed that the methods of
production and the (juality of the product tire much the same
as in other sections of the State. In general, it may be
said that : —
1. The sanitary conditions on the whole were unsatis-
factory .
2. The majority of producers were not familiar with, or
did not apply, the teachings of modern dairy principles.
',\. The chemieal composition of most of the milk was above
the Mjussaehusetts standard.
4. A great deal of the milk contains an excess of bacteria,
and indicated unsanitary methods of handling.
.'). The milk was practically all retailed at (> cents a quart,
— a price too low to enable the producer to profitably i)r()-
duce an article under satisfactory sanitary ccmditions.
It is believed that producers supplying milk for human
c^msumption should be subject to a system of regular, com-
petent inspection, and that no one should receive a license
who does not conform to reasonable sanitary conditions. The
public needs to b(^ educated r(dafive to the great food value
of milk, and ought to be willing to i)ay a fair i)rice for an
approved article. It is hoped to soon })ublish the detailed
resnlts of this investigation in bulletin form.
/)i(/rsfi(Hi Exppi'iments iritJt tS/ierp. — There have been
completed digestion experiments with so}^ bean fodder,
Kureka corn fodder and Eureka corn stover,, Pride of thd
North corn stover, Blonu) feed for horses, malt si)routs,
Suerene, Holstein and Macon sugar feeds, hominy feed.
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buckwheat and oat middlings. The results have been iiieor-
})orated in the tables of digestion coefficients, in the Appen-
dix. The details of these experiments and a discussion of
the results are reserved for a future publication.
SorgJaim and Other Fontf/e Cro})^. — Trials of a variety
of green crops for summer soiling are conducted each year.
Sorghum has been given particular attention for the last two
years. A very complete analysis of this crop has been made
at different stages of growth, and, likewise, digestion trials
with sheep, the results of which are not as yet completed.
The seed ^ was sown broadcast at the rate of 1 bushel per
acre, the 25th of i\Iay. Cutting Avas begun as soon as the
heads appeared (about August 10), and the yield Avas at the
i-ate of 19 tons to the acre. The animals ate it well, and it
should prove a satisfactory addition to the list of green
feeds. A more detailed statement concerning the quality
and value of this crop for soiling will be given in a future
publication.
The station has found the following crops quite satisfac-
tory for soiling purposes : peas and oats, the first seeding to
be made April 25 and each ten days thereafter, ready to cut
from June 25 to Juh^ 20
;
barnyard millet, first seeding to
be made May 25 and another seeding two Aveeks later, ready
for feeding from July 20 to August 10
;
sorghum to be
seeded May 25, ready to cut August 10 to 30 ; Stowell's
Evergreen sweet corn, or Longfellow field corn, seeded May
15 to 20, will serve admii-ably for September green fodder,
and later if frosts are not severe.
Soy beans may be sown with the corn, but it is believed
that, on the wdiole, more satisfactory results can be o])taine(l
l)y cultivating each crop separately. It is hoped to pub-
lish a bulletin on the subject of soiling in the near future.
Copies of a former bulletin on this subject (Xo. 72) are not
available.
Useful Legumes.— A study has been made of the com-
position, digestibility and yields of the more prominent
leguminous crops, with a view^ to determine their pi-actical
adaptability to New England conditions, and it is desired
^ Seed i)UiThased of Wm. Henry Maule, Philadelpliiu, Pa., at a bushel.
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U) publish a concise description of this work in the near
future.
Clover is unquestionably the most valuable legume, serv-
ing adniii-ably as a soil renovator, cover crop, soiling crop,
and as a component of the hay crop. Canada peas are
valuable chiefly for soiling purposes, and in some cases as a
cover crop. Sand vetch ( \ satira) makes a good leg-
ume to lx» sown in the autumn with wheat for early summer
8oiIin<'. It also serves as a soil renovator and as a cover
crop. Shammcl, in Bulletin No. 1411 of the Connecticut
Exi)erinu'nt Station, has called attention to*the value of this
plant when sown after the removal of tobacco. It blossoms
about June 1, and c4Ui then !)e i)lowcd under, adding mate-
riallv to the hunuis and nitrogen content of the soil. It
seeds poorly, and the seed is very expensive, which will
natunilly nmch restrict its use. Alfalfti has been tried re-
p<'atedlv on the station ground under favoi-able conditions,
hut it has not a^ yet proved a satisfoctory crop for practical
pur|M)ses. It is atlected with " leaf-spot," winter-kills, and
is crowded out hy clover and gmsses. Occasionally one
he4irs of successes by ^Massachusetts farmers. It is sug-
gested that our farmers try it in a small way (% acre), and
see if it will thrive in their locality. Soy beans (Brooks's
medium green) and several varieties of cow peas have been
carefully studied ; the latter are best suited to a more south-
ern climate. The soy beans thrive well in Massachusetts,
and may be used with satisfaction as a soiling crop, and
mixi'd with corn for silage purposes. It is believed, how-
ever, that it will prove more economical, as a rule, for
farmers and dairymen possessing satisfactory markets and
niilroad facilities to purchase their protein in the form of
high-gnide concentrates, rather than attempt to grow it in
the form of soy bean forage or seed. Soy beans may prove
an economical crop for localities situated at some distance
from markets and railroads.
Vmnpihtion of Analyses. — Attention is called to the
tables of composition and digestion of American feed stuffs,
recently compiled, and published in the Appendix to this
rept>rt.
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10. Work ix Progress.
Molasses and Molasses Feeds. — AVork is in progress to
(letenninc the digestibility and conipanitive value and place
in the farm economy of Porto Rico molasses and molasses
feeds. Feeds of this character are being freely advertised
and sold in our local markets. It is hoped to bring this
work to a close early in the new year, and to report the
results in bulletin form within a short time thereafter.
Xitro-cuJtures for Legumes. — The United States Depart-
ment of Agriculture has called attention to the yalue of the
cultures produced by its expert, Dr. Moore, for the difterent
leguminous crops. Hellriegel of Germany was the first to
scientifically demonstrate the symbiotic action of bacteria
with the legumes, resulting in the fixation of atmospheric
nitrogen. This subject has been given a great deal of stud}^
by many other scientists, particularly by Nobbe and his co-
workers, who haye isolated and prepared cultures suited to
the diffbrent varieties of legumes. Moore claims that he
has succeeded in isolating and developing varieties of bac-
teria that are especially active as nitrogen gatherers. This
department has secured the jNIoore cultures for two years,
and used them upon alfalfa, soy beans and cow peas. The
directions were carefully followed in all cases, l?ut no partic-
ular results were obtained that could be attributed directly
to the action of the ap})lied cultures. The yields for the soy
bean and cow pea plots receiving the cultures were no greater
than those not receiving them, neither did the plots thus
treated show au}^ noticeable increased nodular development.
A newly seeded piece of alfalfa, inoculated with soil from an
old alfalfa field, seemed to receive a decided help from the
treatment, judging from the growth and apparent vigor of
the plants. The writer would in no way condenm the JNIoore
cultures, knowing the progress that has been achieved by
lumierous investigators along this line. Farmers may try
the Moore cultures in a small wa}^ but should not be disap-
pointed if the results are not as expected. The daily press
and popular journals have made altogether too extravagant
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statements jind claims regarding them. Work of this char-
aeter still re(iuires much study before the highest practical
results are secured.
11. Changes in Staff.
Albert Parsons, B.S., for two years employed as inspector
of concentrated feeds and of Babcock machines, resigned
July 1, to accept a ])osition as assistant superintendent at
Hood Farm, Lowell, Mass. His place has been tilled by the
appointment of Fmnk (r. Helyar, B.S., University of Ver-
mont, 11>0.'). Joseph G. Cook, B.S., assistant in animal
nutrition, resigned August 1, to become superintendent of
the farm at Norfolk, Mass., belonging to T. D. Cook & Co.
1^)V F. (iaskill, a recent graduate of the Massachusetts Ag-
ricultunil College dairy course, succeeds him. E. S. Fulton,
B. S., assistant chemist, seyered his connection with this
depart nuMit September 15, haying received an api)()intnient
with Dr. F. (i. Benedict of Wesleyan University of Middle-
town, Conn., who has charge of the nutrition investigations
for the Tinted States Department of Agriculture. Mr. A.
C. Whittier, B.S., Uniyersity of Maine, 1905, has taken
Mr. Fulton's place. The writer desires to express his high-
est ai)preciation of the faithfulness, interest and care exer-
cised by all his co-workers in the prosecution of the various
lines of work undertaken by this dei)artment during the past
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Part 11.— Experiments ix Animal ISTutrition.
1. Bibby's Dairy Cake.
J. B. LINDSKY.'
y(fft(re (Old Composition of the Cake.
This material is made by J. Bibby & Sons, Liverpool,
Eng., and is imported in the form of cake. It is composed
chiefly of ground cotton-seed, togetiier with locust or caroh
hean,^ cereals (maize, wheat, etc.) or their b3'-i)roducts,
fenugreek and salt; it possesses a pleasant taste and smelL
A number of samples have been found that were quite
mouldy, having probably been stored in a damp place. The
sample used in the feeding experiment herein described had
the following composition :—
Bibby's Dairy
Cake.
Standard Wheat
Middlings for
Comparison.
Gluten Feed for
Comparison.
Protfin
Fiber
Extract nuittcr
Fat
11.%
7.81)
17.i«t
7.i)l
4.-). 05
9.20
10.00
4.30
18.00
7.00
.15.70
5.00
9.69
1.40
•.>3.55
7.15
.TO.08
3.13
The cake has a high ash i)ercentage, due partly to the
l)resence of added salt, a moderate amount of protein and
^ With E. B. Holland, P. H. Smith and J. O. Cook.
The locust or caroh tree is cultivated in Si)ain, the eastern Mediterranean
regions and Egypt. The pods contain considerahle quantities of sugar, and are
eaten by both men and animals.
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filHT, and quite a noticeable i)er cent, of fat. It in guiiran-
teed to contain 1« to 20 per cent, of protein and (i to 8 per
cent, of fat, and usually meets these requirements. It has
not lx»en found to he very generally distributed.
JJil/esflfjilKf/ of JJMt/'s U(firf/ Cake.
The average r«*Hults of six single trials Avith sheep are here
given, together with the coefficients for standard Avheat mid-
dlings and gluten feed for c()m})arison. The full details of
the digestion experiment have been reported in the seven-
teenth report of this station.
Coelfirioils of Diijcslibililii.
Bibby's Dairy
Cake.
Standard Wlieat
Middlings for
CoTnparison.
Gluten Feed for
Comparison.
70 73 85
Aith. :b 25
rmU'tii, . 77 85
KIUt, 31 30 76
Kxtr.'u-t matt* r. 78 89
Km,. l>-2 88 83
In tlie scvcnil trials with Bibby's dairy cake the sheep
experienced considerable difficulty in digesting the crude
fiber, due i)robably to the fact that it was derived largely
from cotton-sced hulls. It may be said that the total cake
proved moderately digestible, the fiber having a low and the
fat a high digestibility. Both in chemical composition and
in digestibility Bibby's dairy cake closely resembled standard
^vhellt middlings. (ihiteii feed contains 5 to () i)er cent,
more protein, and is more digestible than the cake.
('().n7 of IHycMiblc Malic r.
Bibby's Dairy
Cake.
Standard Wheat
Middlings. Gluten Feed.
roiinilB «Up-Ktll.lo nuittiT In 2.000
iHiundn.
Co«t of one iiounil (oentH),
.
1,2:«
2.43
1,314
2.11 1.72
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The above figures are leased on the average whoU'sale
prices of middlings and gluten feed for the year 1904, plus
10 per cent.
;
namely, $2(i.70 for middlings and $27.72 for
gluten feed. Bibby's dairy cake cost $80 a ton. The cal-
culations show that a ton of wheat middlings furnished nither
more digestible matter than a ton of Bibby's dairy cake, and
at a somewhat less cost a })ound. They further show that,
if 1,550 pounds of digestible matter in a ton of gluten feed
could be purchased for $27.72, 1,232 pounds, being the
quantity contained in a ton of Bibby's dairy cake, ought not
to cost over $22. In other words, Bibby's dairy cake at $30
a ton furnishes digestible matter at some 37 per cent, ad-
vance over that contained in gluten feed at $27.72 a ton.
Feeding Experiment witJt Bibby's Dairy Cake, Sj)rinr/^
1904.
In order to test the efficacy of this cake as a food for milk
production, four cows were divided as evenly as possil)le
into two groups, and fed l^y the reversal method. All of
the cows received first-cut hay, rowen and bran as a basal
ration. In the first half, two of the cows received a definite
quantity of the dairy cake and the other two a like quantity
of gluten feed ; in the second half, these two grain feeds were
reversed.
Duration of ExiKiHmcnt.
Periods. Dates. Gluten Feed Ration. Bibby's DairyCake Ration.
I., .
H.,
.
May 7 through IVfay 27.
June 4 througli Juhe 24.
Red II. and lirighty.
Linnie and Blanche.
Linnie and Blanclie.
Red II. and Brighty.
Care of the Animals. — The cows were kept in roomy
stalls, well carded, and turned into the yard some six or
more hours each })leasant day.
Jfethod of Feeding. — The animals were fed twice daily,
the hay being given about an hour before milking, and the
grain mixtures just ])efore milking. The several grains
were well mixed l)efore being fed. Bibby's dairy cake was
ground to the fineness of ordinary meal. Water Avas sup-
plied the animals constantly l)y means of a self-watering
device.
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Character of Feeds. — The first-cut hay was a mixture of
Kentucky hlue-grass, timothy and red clover. The rowen
was a mixture of second growth of gra.ss and red clover,
secured in good condition. The spring bran, gluten feed
aii<l Bihhy's dairy cake were of good average quality.
WeviJiiu'i the Animals.— The animals were weighed for
three consecutive days at the beginning and end of each half
of the trial.
Samplinq Feeds. — Tlie hay and rowen Avere samjded at
the iK'giniiing, middle and end of each half of the trial, dry
matter determinations made at once, and the several samples
mixed for analysis. The grains were sampled daily, and
preserved in glass-st{)})i)ered ])ottles. The cows received
two ounces»of salt daily.
iSai/ijduKj the Milk. — The milk of each cow was sampled
twice dailv for five consecutive days of each week, and pre-
MTvt'd with formaline in tightly corked bottles. The method
of >anipling consisted in mixing the freshly drawn milk with
an especially constructed mixer, and inunediately removing
a small dippcrful. Determinations of fat were made weekly,
and solids every other \veek.
IHMonj of the Cows, Spring, 1904.
Name. Brrri). Age(Years). Last Calf dropped.
Number of
Days with
Calf.
Milk Yields,
Beginning of
Experiment
(Pounds).
Red II., .
llrljjhty.
.
I<innlo, .
Blani-lic,
.
.IcrBey-Durham,
(Irade .Icrsey, .
(irade Jersoy, .
Ciraile Jersey,
.
8
8
9
December, 1903.
Aujrust, \\m.
October, 1903.
August, 1903.
59
124
65
121
30
21
22
Ihiihl lidtions consumed (^Potinds^.
Katiun. Cows. Hay. Rowen. Bran. Gluten
Feed.
Bibbv's
Dairy Cake.
Gluton feed,
. Red II., .
Rrlghty,
.
Llnnle,
.
Blanche,
.
18
14
14
IT
6
6
6
6
4
3
3
3
4
3
3
4
-
:
Blbby'B dairy r«ko,
.
Red II.,
.
Urighty,
.
liinnic,
.
Blanche,
.
18
14
14
17
6
6
6
6
4
3
3
3
4
3
3
4
Average, gluten
f«>Ml ration.
Average, lllbbv'B
dairy c«ko ration.
15.75
15.75
6
6
3.25
3.25
3.5
3.5
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It will be seen that the cows received the same basal ration
daily, and in addition averaged 3.5 i)oiinds of gluten teed or
dairy cake.
Average Dry Mailer and Digestible Organic Nutrients in Daily Tiatioti
(Potmds).
Ration. DryMatter.
Digestible Organic Nutrients.
1
Nutritive
Ratio.
Protein. Fiber. Extract
Matter. Fat. Total.
(jluten feed, average, .
IJihby's dairy cake,
average.
24.99
24.91
2.36
2.07
4.15
3.96
7.73
7.27
.35
.36
14.59
13.86
1: 5.4
1: 6.0
The two rations furnished the same quantity of total dry
matter daily. The Bibl)y's dairy cake ration contained
rather less protein and about three-fourths of a pound less
total digestible matter. This was due principally to the fact
that Bibby's dairy cake Avas less digestible than the gluten
feed. It would naturally be expected that Bibby's dairy
cake ration would produce rather less milk, or cause the
animals to shrink somewhat in live weight.
Total Yields of Milk Frodncts {Pounds').
Ration. Total
Milk.
Average
Daily
Yield.
Total
Solids.
Total
Fat.
Butter
Equivaleiit
85 Per Cent.
Gluten feed,
Bibby's dairy cake,
1,860.04
1,830.01
22.14
21.79
2.56.12
251.20
89.89
90.00
105.75
105.88
The yields obtained from the two rations, covering a
period of twenty-one days in each case, were practically
identical. If the periods had covered twice the leng-th of
time, the results would have been regarded as more satis-
factory. Longer periods were not })racticable, owing to the
condition of the animals and the nearness of summer weather.
Average Comjwsition of the Herd Milk.
Ration. Total Solids(Per Cent.).
Fat
(Per Cent.).
13.77 4.83
Bibby's dairy cake, 13.73 4.92
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The two rations produced milk having practically the
Kinic c<jnipo.sition.
Food Cost of Milk Producls.
Ration. Total Milk.
One Hundred
Pounds Milk.
One Pound
Butter.
$20 fN-i $1 12 <;0 20
Itlbby'B dairy caUi-, 22 03 1 20 21
I'erccntajre InrreaBcd co8t with IMUIiy's
dairy cake.
5.tM> 7.14 .S.OO
In e.-ileulatinir the above results, gluten feed was charged
at $27.72 a ton, Bihhy's dairy cake at $30, bran at $20, hay
at $15 and rowen at $14. The increased cost of the milk
and butter produced by the Bibby's dairy cake ration was
due to the j)rice asked for Bibby's dairy cake.
Jknl (itiin or Loss in Lice Wciyht.
Ration. Total Gain or Loss.
43+
lilbby'R dairy rake, 2—
There api)eared to have l)een a slight gain in live weight
produced by the gluten mtion. During the Bibby's dairy
cake period the weight remained constant.
Condnsions,
1
.
Bil)by's dairy cake, a manufactured product, resembles
in clicmical composition and digestibility standard wheat
middlings. It has a sweet taste and an agreeable flavor and
odor, due to the presence of the carob bean, fenugreek and
salt.
2. It wa.s found to contain sliirhtlv less dirrestible matter
than middlings, and some 20 per cent, less than gluten feed.
On the basis of digestible matter contained in the Bibby's
dairy c,«ike and in first-class gluten feed, the former should
sell for 20 per cent, less a ton.
3. While the cake is readily eaten and highly relished by
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m11 farm animals, it is believed that the agreeal)le llavor and
odor do not make it worth the extra price asked.
4. In the feeding experiment, lasting twenty-one days,
the four cows produced practically as much milk on the
Bibby's dairy cake as on the gluten feed ration ; the latter
ration produced a slight gain in live weight. The cost of
milk and butter was noticeably more on the Bib])y's dairy
cake ration. The experiment indicates that the Bil)l)y's
dairy cake ration furnished a sufiicicnt quantity of digestible
matter to meet the requirements of the several cows. Had
the periods been longer, and the cows in a less advanced
period of lactation, it is believed the ditierences would have
been more striking.
5. Bibby's dairy cake, at prevailing market prices, is not
regarded as an economical concentrate ; it can be used, how-
ever, if desired, as the exclusive grain ration for sheep,
young dairy stock and milch cows. From 5 to 8 pounds
would be the usual daily allowance for the latter animals.
Its chief use should be as an appetizer, to be mixed in small
({uantities with foods that, because of an inferior flavor,
would not be otherwise readily consumed.
From the standpoint of economy, farmers will do well to
l)r()duce their hay, silage and corn meal, and to purchase
only those manufactured concentrates that are rich in protein,
such iis cotton-seed meal, gluten feed, distillers' and brewers'
dried grains, wheat middlings and bran.
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2. Eureka Silage Corn, — its Value for Massachu-
setts Farmers.
J. i:. LINDSEV AND V. H. SMITH.
This corn is said to have originated in Virginia. It is a
large southern dent, and is considerably used for silage pur-
poses by New England fanners.
Brooks ^ of this station compared a number of dent viirieties
durinor the season of 1901. The Eureka £:rew to be 15 feet
high, appeared to be quite heavily leaved, and when cut,
September 14, the ears were just forming. This variety
yielded rather heavier than the others, producing at the rate
of 24 tons to the acre, containing 8,944 pounds of dry
matter. Its digestibility was not determined. Brooks con-
cluded that the heavy dents were not as satisfactory as the
smaller varieties for New England conditions. At the solici-
tation of Ross Bros, of Worcester, who recommend and sell
the Eureka seed for silage purposes, this de})artment has
made a more thorough study of the Eureka, and briefly pre-
sents the results and conclusions in the following pages.
Ci'Ojp of 1903.
One-fourth acre of medium well-drained loam, in a good
state of fertility, was treated with manure from well-fed
dairy cows, at the rate of G cords to the acre. The manure
was plowed in, and the land well fitted and seeded ^lay 21),
with Eureka corn, obtained of Ross Bros. The seed came
up well, and the corn made as good growth as could be
expected during the exceptionally cool season. Frosts held
oil* until nearly the 1st of October, and the corn was allowed
to grow until September 25, in order to insure a maximum
' Fourteenth annual report of tlie Hatch Experiment Station, pp. 32-;U.
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developinont. At that time it averaged liy^ feet in height,
the ears had formed, and the kernels were just beginning to
develop. AVhen eut, it contained 82.(5 per cent, of water, and
yielded at the rate of 15 tons of green material to the acre.
Crop of 1904.
One-third of an acre of Avell-drained, light loam was
plowed, manured at the lute of (> cords to the acre and well
fitted. The area was divided into two halves, and planted
with Eureka and Sibley's Pride of the North corn, the latter
a medium dent that will mature its seed in our latitude.
Some of the seed failed to germinate, more particularlj- the
Eureka, which necessitated some replanting. When the
corn was 15 inches high it was thinned to about one stalk
to the foot. The area was kept well cultivated and free
from weeds. On July 12 the corn was growing fast and
looked healthy, the Eureka being the taller. August 15
the Pride of the North was well tasseled and silked, while
the Eureka tassels were just showing. The corn was cut
September 15, at which time the Pride of the North averaged
9 to 10 feet in height and was fairl}^ ripe, with kernels glaz-
ing. The Eureka was 12 to 13 feet high and quite immature,
the ears being small and the kernels scarcely formed. Two
plats, each 175 bv 35 feet, were cut, stooked and eventually
carried to the barn and carefully weighed. The Eureka
yielded 930 pounds of dry matter, equal to 6,083 pounds
per acre, equivalent to 20.4 tons of green corn (83.0 per
cent, water) ; the Pride of the North yielded 877 pounds
of dry matter, equal to 0,202 pounds per acre, equivalent
to 13.9 tons of green corn (77.5 per cent, water).
CoDiposition of Green Corn (Per Ce?it.).
EurEKA.
Pride of the
North, 1904.1903. 1904.
Ash,
Fiber,
Nitrogen-free extract, ....
Fat,
1.08
1.63
4.77
• 27
83.60
1.08
1
1.48
5.48
8.11
.25
77.50
1.05
1.85
4.1)7
14.06
.57
1(K).0() 100.00 100. (X)
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The above analyses show that the Eureka, when cut in
September, contained considerably more water and notice-
ably less nitrogen-free extract matter and fat than the Pride
of the North.
Composition of Dry Mailer (Per Cent.).
Whole Plant. Stoveb.
BUKBKA. Pride
of the
North,
1904.
Eureka,
1904.
Pride
of the
North,
I904I.
Average,
Forty-one
Analyses, for
Comparison.1903. 1904.
Ash, 6.11)1 7.S5* 6.58 4.67 6.96 6.77 G.<»
rrotein,
.
9.34 9.82 9.01 8.22 8.00 7.23 7.60
Fiber, . 27.41 32.70 33.43 22.11 36.49 34.45 34.20
Extract, 55.52 47.90 49.47 62.47 47.19 50.01 50.20
Fat, l.M 1.73 1.51 2.53 1.36 1..54 1.40
100.00 100.00 100.00 100.00 100.00 100.00 100.00
1 Whou cut in aiituimi. - After being housed in barn until March.
The differences in the composition are much more notice-
able with the water eliminated. The Eureka (whole i)lant)
contained decidedlj^ more ash and fiber, i-ather more protein
and much less extract matter than the Pride of the North.
The analyses show that the Pride of the North had reached
a more advanced stage of development than the Eureka, and
consequentlj^ contained a much larger proportion of starchy
matter. The stover from the two varieties Avas quite similar
in composition.
Pci'ceiitage of Water in Field-cured Material.
Eureka. Phide of the North.
Whole Plant. Stover. Whole Plant. Stover.
69.92» 68.92* 62.89» 37.84* 18.13»
1 After hiAng cured in Itarn for six months, 1903. = As It came from field, l!t04.
» After being in barn about a month, l')04. * As it came from field, 1904.
6 After being in barn about three months.
The field-cured Eureka still continued to contain a hiorh
moisture content, due probably to its immaturity and to its
unusually coarse, j^orous stems.
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The Pride of the North had about the usual water content
for matured corn that had been field cured. These figures
show that in a ton of dried Eureka fodder, as drawn to the
barn, there would be 1,380 pounds of water and G20 pounds
of dry matter ; and in a ton of Pride of the North there
would be 757 pounds of water and 1,243 pounds of dry
matter ; in other words, each ton of Pride of the North would
have twice the feeding value of Eureka, without taking into
consideration the superior nutritive character of the dry
matter, which Avill be alluded to under another heading.
The corn stover derived from the two varieties likewise
showed marked differerfces in the water percenttige present.
The barn-cured Pride of the North stover was exceptionallv
dry.
Composition of Parts of Corn (Per Cent.).
[Dry Matter.]
Leaves. Stalks. Ears. Husks.
Eureka.
Pride
of the
North.
Eureka.
Pride
of the
North.
Eureka.
Pride
of the
North.
Eureka.
Pride
of the
North.
Ash, .... 8.98 9.42 5.42 5.81 3.25 1.95 3.02 3.17
Protein, 14.53 14.53 4.80 4.55 12.00 9.82 8.66 5.40
Fiber, .... 28.43 25.00 35.77 31.94 19.47 11.37 24.64 27.32
Extract, 45.63 47.63 52.94 56.82 63.84 73.65 62.22 62.70
Fat 2.43 3.42 1.07 .88 1.44 3.21 1.46 1.41
100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
The samples were taken immediately after the corn was
cut (September 15), dried at a low heat, and preserved in
glass-stoppered bottles. The leaves of the two varieties
were similar in composition, and are the most valuable parts
of the plant, aside from the ears. The stalks of the Eureka
were characterized hy containing more fiber than the other
variety. The ears produced by the Eureka contained rather
more protein and ash, decidedly more fiber and noticeably
less fat and extract matter than those yielded by the Pride
of the North. The analyses make clear that the ears ob-
tained from the Eureka were quite imperfectly developed.
The composition of the husks was more uniform.
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Digestibility of the Corn.
The first digestion experiment was made in the autumn
of 1903, with the Eureka green corn. Another experiment
was made with the same corn, after it had been cured iwid
housed for six months. Unfortunately, a digestion test was-
not made witli the Pride of the North ( whole i)lant ) . During
the autumn of 1905, therefore, another sample of this variety
was tested for digestibility. It was fully developed and well
eared. Other experiments were made to test the digesti-
bility of the stover of each of the two varieties })roduced in
1904. The several tests were made with the same sheep in
each case, the results of which follow : —
Eureka.
Pride of the
North, Green,
I»05 (Two
Sheep),
Pride of the
North, Stover,
1904 (Two
Sheep)
.
Green,
1903
(Three
Sheep)
.
Dry,
1903
(Two
Sheep)
.
Eureka,
Stover, 1904
(Two Sheep)
.
Dry lujittcr, G7 64 71 .^4
Ash 42 40 34 45 31
67 57 6,3 4S 45
Fiber, 60 72 65 59 60
Nitrojren-free extract, 72 64 53 54
Fat 66 62 76 67 64
The green Eureka fodder (whole plant) and the same
matei'ial dried showed only slight variation in the digesti-
bilit}^ of total dry matter. The results coiTespond closely
with those obtained by other experimenters with large
southern varieties at a similar stage of growth. For some
reason the fiber in the dry material was more fully digested
than in the green substance, and the protein and extract
matter less so. The Pride of the North (whole plant)
proved to be i-ather more digestible than the Eureka, due
to the fact that it was well eared. The digestible material
in the Pride of the Noi-th, because of its content of matured
gmin, would naturally yield more net available energy than
a like amount of digestible matter derived from the Eureka.
The corn stover (all ears removed) from each of the two
varieties appeared to l)e eijually well digested.
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Sinmnary of Yields.
A definite quantity of each of the two varieties of green
material was separated into husks, ears, leaves and stalks,
in order to determine the relative proportions of each. The
figures show percentages or pounds in 100.
{a) Yield of Pa7'ts.
Eureka. Pride op the North.
Parts.
First
Trial.
Second
Trial.
Average. First
Trial.
Second
Trial. Average.
Leaves 22.75
8.00
8.25
21.75
62.25
7.
-25
7.25
22.25
63.62
10.25
21.
-25
20.00
47.50
11.25
23.00
20.00
46.00
10.75
22.11
20.00
46.75
100.50 100.25 100.37 99.00 100.2,1 99.67
The results are in accordance with the teaching of the
analytical data. The Eureka showed only 7.25 per cent, of
ears, while the Pride of the Xorth contained 22.11 })er cent.
The Pride of the North variety consisted of 46.75 per
cent, of stalks, and the Eureka 63.62 per cent. The Eureka,
even at its less advanced stage of growth, contained only
slightly more leafy matter than the Pride of the North.
(b) Yield per Ac 7'e (Pounds').
Eureka.
Pride of the
North, 1904.1903. 1904. 1
Green material 30,000 40,SOO
1
27,800
5,220 6,691
1
6,255
Estimated digestible matter, . 3,4971 4,483
1
4,441
»
» Obtained by allowing 07 percent, of the dry matter to be digestible in the Eureka,
and 71 per cent, in the Pride of the North, as determined by actual experiment.
The above results indicate strongly that the Eureka, al-
though a larger variety, yielding considera])le more green
material than the Pride of the North, is not likely to furnish
any more actual food to the acre. In the present instances,
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the party drawing the product of an acre of green Eureka
corn to the })arn would be transpoi-ting 34,109 pounds of
water and 0,691 of dry matter, while in the case of the
Pride of the North he Avould cart 21,545 pounds of water
and 0,255 pounds of dry material ; in other words, to secure
essentially the same quantity of actual food in the Eureka he
would be re(iuired to handle 12,51)4 i)()unds extra water.
It is, of course, understood that the yield would vary
from 3'ear to year, de})ending on soil and climatic conditions.
It is believed, however, that the rehitive proportions would
hold true, and that the farmer would secure as nuu-h actual
food material from those varieties of corn that mature their
seed, without bein<>: ()])lii>:ed to handle the extra bulk in the
form of water.
Conclusions,
1. Eureka silage corn is a late dent variety ; it has large
stalks, which appear to be thickly set with leaves. During
the seasons of 1903 and 1904 it grew 11 to 13 feet high,
and when cut, September 15, the ears were very inunature
(kernels just forming).
2. In comparison with Sibley's Pride of the North, a
medium dent, which matures its ears in this latitude, the
Eureka green corn, when cut, contained about per cent,
more water, noticeably more ash and fiber, and nmch less
extract matter. The field-cured fodder of the Eureka still
contained as high as 09 per cent, of water, while the Pride
of the North contained only 38 per cent.
3. The leaves and husks of each variety did not viiry
greatly in composition. The ears and stalks of the Eureka
contained more fiber and nuu'h less extract matter and lat
than those of the Pride of the North.
4. The Eureka green fodder was found to be 07 per cent.,
and the same material dry 64 percent., digestible ; a typical
sample of Pride of the North, cut green, was 71 per cent,
digestible. The stover of both varieties proved equall}^ di-
gestible.
5. The Eureka yielded about the same relative weight of
green leaves as did the Pride of the North. It produced 04
l)er cent, of stalks and 7 per cent, of ears, while the Pride
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of the North yielded 47 per cent, of stalks and 22 i)er cent,
of ears.
6. The Eureka produced at the rate of 20 tons of green
fodder, and the Pride of the North 13 tons of green fodder,
to the acre. The latter, however, contained nearly as much
dry and digestible matter (actual food material) as did the
former. The excess yield of Eureka green corn, therefore,
consisted of water.
7. Had the seasons of 11103 and 1904 l)een more favoi-ahle
to the gro^vth of corn, it is probable that both varieties
would have produced larger yields. It is very doubtful,
however, if the Eureka would have matured its gmin.
The writer, therefore, thinks it unwise to grow such late
dents as the Eureka, and believes the northern farmer will
secure better feed for less money by holding fast to those
varieties that will mature not later than September 10 or 15.
It is well known that inmiature corn, such as the Eureka,
undergoes more serious decomposition when ensiled than
do Avell-matured varieties, which would still further detract
from its nutritive value.
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3. Concerning Wheat Bran.
J. n. I.INDSKV.'
(1) Introduction, .
Until within conipai-atively recent times, wheat bi*an and
corn meal have formed the two staple concentrated feeds for
dairy stock, and in spite of the large variety of concentrates
now in the market, the former still continues to be used
largely by the great majority of dairymen in our eastern
States. The reasons for this are not difficult to tind. A
good quality of bran is uniformly palatable ; it can be fed in
considemble quantities without producing any ill effects ; it
acts as a slight laxative ; it furnishes more digestible protein
than corn ; and it serves as a very satisfactory diluter or dis-
tributer of the heavy concentrates, such as the glutens, cot-
ton-seed meal and flour middlings. It is believed, however,
that the nutritive material contained in l)ran can be pur-
chased more cheaply in other concentrates, and that New
England farmers often use more of it than economy war-
rants.
Attention is called in the present paper to the composi-
tion, digestibility, cost of digestible matter and the fertilizer
ingredients in bi-an, as compared with other concentrated
feeds, and likewise to experiments I. and H., in which corn
silage is compared with wheat bmn as a distriljuter of the
heavy concentrates. Note particularly the brief discussion
of the results, at the end of the article.
^ With E. B. Holland, P. II. Smith and J. G. Cook.
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(2) Average Conipositum of Concentratefi.
—
Fob Comparison.
Ingredients. WheatBran. Cotton-
seed
Meal.
Glutjn Distillers'
Dried
Grains.
Brewers'
Dried
Grains.
Malt
Sprouts.
Water, 10.00 7.00 8.50 8.00 8.00 11.00
Ash . . 6.40 6..10 1.70 1.70 3.80 5.80
rrotein, .... 16.00 4.5.10 26..50 33.00 23.10 27.10
Fiber, 10.00 6.10 7.20 13.10 10.80 11.80
Extract matter (starchy), 53.00 24.20 5.3.10 .32.40 49.40 42.90
Fat, . ... 4.()0 11.10 3.00 ll.f<0 4.1)0 1.60
Wheat bran contains noticeably less protein than any of
the other important by-products. Nitrogen-free extract mat-
ter usually is the fodder group next in value to the protein.
The quantity contained in bran is approximately equal to
that found in gluten feed, and not greatly in excess of the
percentage in brewers' grains and malt s})routs.^ Most of
the several feeds enumerated contain about similar fiber per-
centages.
(3) Dicjei^tibility of the Concentrates.
The figures in the following table show the pounds of
digestible fodder groups contained in one ton of the several
feeds.
Wheat bran is shown to contain rather less total digestible
matter and noticeably less digestible protein than any of the
several feeds tal)ulated. The two carbohydrate feeds, corn
and hominy meals, are naturally deficient in protein, but
very rich in digestible starchy matter and fat.
' The quantity of extract matter in cotton-seed meal is quite small, due to the
exceptionally high protein percentage.
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The above figures are quite instructive. They show that
dijjestible matter in bran, cotton-seed meal and distillers'
and brewers' dried grains has cost about the same for a num-
ber of years, while in the form of malt sprouts the price has
been somewhat less.^ Corn and corn by-products (gluten
and hominy feed) have furnished digestible matter for uni-
formly less money than it could be purchased for in the form
of either bran, cotton-seed meal, distillers' or brewers' resi-
dues.
Retail Cost of Digestible Protein.
[Allowing 1 cent for digestible carbohydrates, .5 cent for digestible fiber and 2.25 cents
for digestible fat.
J
Spring
and Winter
Bran.
1901 to
1904.
Cotton-
seed
Meal.
1901 to
1904.
Gluten
Feed.
1901 to
1904.
Distillers'
Grains.
1904 to
July,
1905.
Brewers'
Grains.
1904.
Malt
Sprouts.
1904.
Market price per ton, . $22 48 $29 17 $26 05 $27 00 $22 50 $21 00
Cost of one pound of
digestible protein
(cents).
5.40 2.72 3.00 3.65 3.91 3.25
Cotton-seed meal furnishes digestible protein for the least
money, gluten feed standing next in order, while protein in
the form of wheat bran is decidedly expensive. Naturally,
carbohydrate feeds, corn and the like, are not economical
sources of protein.
(4) Fertilizing Ingredients in a Ton of Concentrates.
Wheat
Bran.
Cotton-
seed
Meal.
Gluten
Feed.
Distillers'
Grain.
Brewers'
Grains.
Malt
Sprouts.
Nitrogen, .... 51 144 85 106 74 86
Potash 28 37 33
Phosphoric acid, 42 50 7 60 21 29
Valuation per ton, . $12 34 $30 18 $16 00 $19 78 $15 25 $18 47
Percentage valuation of
retail cost.
103 62 73 68 88
Bran is quite rich in the mineral ingredients phosphoric
acid and potash, being exceeded only by cotton-seed meal.
* The retail price of malt sprouts and brewers' dried grains has been rather
difficult to ascertain, for the reason that comparatively small quantities are sold
in Massachusetts markets.
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The corn by-products (gluten feed and distillers grains) con-
tain onl}' a trace of potash. The money valuations are
based on current market prices, namely : nitrogen, 18.5
cents; potash, 4.25 cents; and phosphoric acid, 4 cents a
pound. The fertilizing elements in the several feeds are in
as desirable a form as those in the best grades of unmixed
fertilizing stock. Bran is shown to contain fertilizer ingre-
dients equal to 54 per cent, of its cost, and cotton-seed meal
is fully equal to its cost ; the others are considerably in ex-
cess of the bran.
It is not to be inferred that after the several feeds have
passed through the animal their fertilizing ingredients have
as high a money value as before they were consumed. In
fact, some 20 per cent, has been retained by the animal,
more or less loss has unavoidably occurred in the manurial
residue, and they are in a nuich more bulky condition, which
requires considerable additional labor to apply them. Nev-
ertheless, the figures show clearly that the combined ferti-
lizer ingredients in bi-an have noticeably less value than in
any of the other by-products.
Conclusions.
1. Wheat bran contains noticeably less total as well as
less digesti])le protein than any of the other nitrogenous ])y-
products.
2. The total digestible matter in bran is likewise less than
in the other prominent concentrates
;
thus, cotton-seed meal
contains 24 per cent, more, gluten feed 44 per cent., distil-
lers' grains 21 per cent, and corn meal 38 per cent.
3. For sevei*al years past the cost of a pound of digestible
matter in bran, cotton-seed meal, distillers' and brewers'
dried grains has been about the same ; it could be purchased
in the form of gluten feed, corn and hominy meals for some
20 per cent. less.
4. A pound of digestible protein in wheat bran cost 100
per cent, more than in cotton-seed meal, 80 per cent, more
than in gluten feed and 50 per cent, more than in distillers'
dried grains.
5. Because of its relatively low protein percentage, the
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fertilizer ingredients in l^-an have from 10 to 50 percent,
less money value than those contained in the other by-
products.
(). The nutritive material and especially the protein con-
tained in wheat bran nmst be regarded, therefore, as rela-
tively expensive. Because of its palatability, its laxative
eifect and its desirability as a diluter or distributer of the
heavy concentrates, it will continue to be used by many
farmers as a portion of the grain ration for dairy stock.
See practical deductions as to the use of bran, on page 114.
(5) Wheat Bi^an v. Corn Silage as a Distributer of the
Heavy Concentrates.
Experiment I. Spring, 1903.
Object of the Experiment, — AVheat bran has been shown
to be an expensive feed, judged solely from the amount of
nutritive material it contains. The present experiment was
undertaken to see if silage would not serve as a distributer
equally as well as bran. Such being the case, the farmer
could use home-groicn corn, or corn and cob meal, in place
of an equal amount of bran, and, by feeding in addition a
few pounds daily of cotton-seed meal and malt sprouts or
flour middlings, get along with a minimum quantity of i^ur-
chased grain.
Plan of the Experiment.— The cows, ten in number, were
high-grade Jerseys. Eight had calved early the previous
autumn, and two, Pearl and Ked 2d, the preceding Decem-
ber.
The animals were divided as equally as possible into two
lots of five each, and both herds fed for two weeks upon the
so-called bran ration, consisting of silage, hay, cotton-seed
meal, flour middlings and wheat bi-an. In the second period,
lasting five weeks, one lot of cows, known as Herd I., con-
tinued to receive the same ration ; and the other lot. Herd
II., was fed the so-called silage mtion, consisting of silage
and hay, cotton-seed meal, flour middlings and corn and cob
meal. In each of the two periods one week was considered
preliminary.
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In interpreting the results, it is proposed to note the
weekly yielcU produced in the second period by both herds
on different grain rations, as compared with the weekly yields
of the first periods, Avhen the two herds received the same
grain ration, thus ascertaining the comparative efficacy of
the two different grain rations fed in the second period. The
yields obtained in the first period are to be used simply as a
basis for comparison.
Duration of the Exj^eriment.
Period I.
Herd. Character opRation. Cows. Date.
Number
of Weeks.
I., .
II.,
.
Bran as distributer.
Bran as distributer,
Brifrhty, Pearl, Linnie,
Roda, Doliska.
Red II., Dora, Blanche,
May, Daisy.
March 30 » -April 5.
Mar(!h 30-April 5.
1
Period If.
I., .
II., .
Bran as distributer,
Silage as distributer.
Briglitv, Pearl, Linnie,
Roda', Doliska
Red II., Dora, Blanche,
May, Daisy.
April 12 '-May 10.
April 12-May 10.
4
4
1 Prec^ided by preliminary period of seven days.
General Care of the Animals. — The experiment was car-
ried out in the station barn, especially set apart for such
work. Each animal was kept in a roomy stall, well carded,
and turned daily into a yard for exercise. The cows were
in good condition, and quite contented.
Method of Feeding.— The cows were fed twice daily, and
water was before them constantly. In case of the bran ra-
tion, the several grains composing it were carefully mixed,
and fed just before milking. The grains used in the silage
ration— cotton-seed and corn meals and flour middlings—
were likewise mixed, and the resulting combination quite
thoroughly mingled with the silage by means of a foiir-tined
fork, and fed im'vious to milking. One (|uart of the bran
ration weighed .80 of a pound, and 1 quart of the grain
ration fed with the silage weighed 1.4 pounds, the former
being naturally much more bulky.
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Character of the Feed Stuffs.— The bran was from sja-iiig
wheat, the other grains were of the usual good quality. The
silage, made from rather poorly eared corn, was of average
quality. The hay was largely Kentucky blue-grass, with
some clover.
Weighing the Anivials. — The animals were weighed on
three consecutive days at the beginning and end of the sec-
ond period.
Sampling Feeth.— The coarse fodders were sampled three
times during the second period, dry matter determinations
made immediately, and composite samples analyzed. Small
samples of the grains were taken daily and placed in glass-
stoppered bottles.
Sampling Milk. — The milk of each cow was sampled
twice daily for five consecutive daA's of each week of the
two periods, and preserved with formaline in tightly corked
bottles. The method of sampling consisted in mixing the
freshly drawn milk with an especially constructed mixer,
and immediately removing a small dipper full.
Average Ration consumed by Each Cow Daily (Poimcls).
First period: both herds, bran ration.
Hkrd. FirstCut Hay. Silage. Bran.
Cotton-
seed
Meal.
Flour
Middlings.
Corn and
Cob Meal.
1.,
II., .
12.52
13.60
26.10
29.00
3.60
3.80
2.00
2.10
2.00
2.10
Second period: Herd I., bran ration; Herd II., silage ration.
I
II.,
.
12.80
13.60
25.70
29.00
3.60 2.00
2.10
2.00
2.10 3.80
Herd I. received practically the same quantity of grain
and roughage daily in each period ; the same can be said of
Herd II. Herd II. needed and received slightly more than
Herd I. during both periods.
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Average Dry and Digestible Daily Nutrients consumed by Each Cow
(^Founds).
Herd I. : both periods, bran ration.
Pbbiod. Dry
Matter.
Protein. Carbo-hydrates. Fat. Total.
Nutritive
Ratio.
I. , . . .
II.
,
. .
'22.98
23. IG
2.42
2.43
11.38
I1.4(J
.69
.69
14.49
14.58
1 : 5.4
1:5.4
Herd II.: lirst period, brau ration; second period, silage ration.
II, . . .
24.85
24.78
2.58
2.26
12. 3G
13.29
.74
.73
15.68
16.28
1:5.4
1:6.5
Herd I. received the same ({uantity of digestiljle nutrients
during both periods. Herd II. received more total digest-
ible matter in the first period than did Herd I., but the
nutritive ratio of the fodder groups was the same. In the
second or silage period Herd II. consumed i-ather more
total digestible nutrients than in the first period, but less
digestible protein, the nutritive ratio being somewhat wider
(1 : 6.5, instead of 1 : 5.4). This increase of digestible mat-
ter consumed was due to the higher digestibility of the corn
and cob meal.
Weight of Animals at Beginniiig and End of Second Period (Pounds).
Hebd.
Brighty.
Pearl.
Linnie.
Roda.
DoliBka.
Red
II.
Dora.
«
u
1
May.
og
S
S3
.s
O
Beginning, 958 815 860 761
...
.|
1
+ «:
End, 874 967 828 864 778
„, ^
1
Beginning,
End,
1,003
1,003
875
905
1,168
1,177
1,048
1,076
850)
877
)
+ 94
Each herd made a slight gain during the period. The
ditierence is unimportant.
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Yield of Milk and Milk Ingredients (J^onnds^.
First period : botli herds, bran ration.
HSRO. Cows.
• Total
Milk.
Daily
for Cow.
Total
Solids.
Total
Fat.
Butter
Equivalent
(85 Per Cent.).
I., . <!
Total,
II., .
Total,
Brighty,
Pearl, .
Linnie,
Koda, .
Doliska,
Red II.,
Dora, .
Blanche,
May, .
Daisy,
.
127.25
218.00
157.00
110.74
184.99
18.18
31.14
22.43
15.82
26.43
20.06
2y.89
22.62
15.32
23.29
8.21
10.91t
8.48
5.65
7.03
9.66
12.82
9.98
6.65
8.27
797.98
262.49
142.60
150.62
139.50
123.00
114.00
37.50
20.37
21.52
19.93
17.57
111.18
32.31
20.29
22.61
21.41
19.45
40.27
11.02
7.27
7.91
7.88
7.38
47.38
12.96
8.55
9.31
9.27
8.68
818.21 116.89 116.07 41.46 48.77
Second period: Herd I., bran ration; Herd II., silage ration.
Brighty, . . 509.74 18.21 80.84 32.41 38.13
Pearl,
.
879.70 31.42 125.70 46.44 54.65
I., . Linnie, 679.00 24.25 97.84 36.60 43.06
Roda,
.
439.82 15.71 62.37 22.17 26.08
Doliska, 773.21 27.61 97.73 29.15 34.30
Total, 3,281.47 117.20 464.48 166.77 196.22
Redll., 1,048.58 37.45 131.91 43.62 51.32
Dora, . 581.83 20.78 85.65 31.48 37.04
II.
.
* Blanche, 609.73 21.78 92.25 32.01 37.66
May, . 497.49 17.77 78.11 27.96 32.89
Daisy,
.
480.68 17.17 77.53 29.99 35.2^1
Total, 3,218.31 114.95 4(.5.45 165.06 194.19
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Average Weekly Yields of Each Herd (^Pounds), and Percentage Gain
or Loss.
Herd I.
Periods. Milk. Solids. Fat.
Butter
Equivalent
(85 Per Cent.).
798.0 111.2 40.3 47.4
820.4 116.1 41.7 49.1
Per(;eiitage gain or loss, II. over I., + 2.8 \ +4.4 + 3.5 + 3.6
Herd II.
818.2 116.1 41.5 48.8
II. 804.6 116.4 41.3 48.5
Percentage gain or loss, II. over I., — 1.7 + .3 — .4 — .6
It will be seen that Herd I., which received the bran
ration during both periods, made a slight gain during the
second period in the quantity of milk and milk ingredients
;
while Herd H., which received the silage ration in the sec-
ond period, underwent a slight loss. The difterences are so
slight as to prevent any positive conclusions. They indi-
cate, however, that the bi*an ration produced slightly better
results than the silage mtion, due possibly to the excess of
protein in the former ration.
Dry and Digestible Matter required to produce Milk, Milk Solids and
Milk Fat.
Herd I. : both periods, bran ration.
Pebiod.
Dbt Matter required to
PRODUCE
—
Digestible Matter required
to produce—
One
Hundred
Pounds
Milk.
One
Pound
Solids.
One
Pound
Fat.
One
Hundred
Pounds
MUk.
One
Pound
Solids.
One
Pound
Fat.
II.
100.80
98.81
7.23
6.98
19.97
19.44
63.56
62.21
4.56
4.40
12.60
12.24
Herd II : first period, bran ration; second period, silage ration.
I
II
100.32
107.78
7.49
7.45
20.98
21.01
67.04
70.83
4.73
4.90
13.23
13.81
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Herd I. required slightly less dry and digestible matter to
make milk and milk ingredients in the second i)oriod. Herd
II. took a little more dry and digestible matter in the second
period to make a definite quantity of milk, milk solids and
milk fat. On the basis of the above figures, it may he con-
eluded that the bran ration produced a tritie better results
than the silage ration.
Food Cost of Milk and Butter.
Herd I. : both periods, bran ration.
Period. One HundredPounds Milk.
One Hundred
Pounds Butter.
I $1 03
1 01
$17 33
16 81
Herd II.: lirst period, bran ration; second period, silage ration.
Percentage increased cost, Period II. over
Period 1.
$1 08
1 13
+ 4.6
$18 U
18 74
+ 3.5
The cost of milk and butter is based upon hay at $15 a
ton, silage at $3.50, bran at $22, corn and cob meal at $2(),
cotton-seed meal at $30 and middlings at $25. The cost of
milk and butter produced by Herd I. in both periods was
nearly identical, and the slight variations may be attributed
to experimental error. The increased cost of the milk and
butter produced by Herd H. in the second period was due
largely to the then existing excess cost of the corn and cob
meal over that of the bran, and not to the feeding effect of
the two rations.
Fertilizer Ingredients in Jlations {Cost).
First period: Herd I., bran ration.
19.46 pounds nitrogen, valued at . . . . 'M
13.81 pounds potash, valued at ... . G9
7.75 pounds phosphoric; acid, valued at . . . 31
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Fertilizer Ingredients, etc. — Concluded.
First period: Herd II., bran ration.
20.90 pounds nitrogen, valued at . . . . $3 5o
14.98 pounds potash, valued at ... . 75
8.2G pounds pliosplioric acid, valued at . . . \\\\
Total, $4 63
Second i)eriod : Herd I., hr.in ration.'
78.16 pounds nitrogen, valued at . . $13 29
55.65 pounds potash, valued at . . . . 2 78
31.02 pounds phosphoric acid, valued at . . , 1 24
Total, " . . $17 31
Second period: Herd II., Kiiaire ration.
78.38 pounds nitrogen, valued at . . . . $13 32
64.89 pounds potash, valued at . . . . 2 74
24.80 i)()unds phosphoru- aeid, valued at . . . 99
'iotal, $17 05
The total quantity and valuation of fertilizer ingredients
were nearly identical in each ration.
Conclusions.
1. The animals were in good condition during the entire
experiment, hence the silage proved equally as satisfactory
as bran for distributing the heavy concentrates (cotton-seed
meal and flour middlings).
2. The so-called bran ration produced a trifle more milk
and milk ingredients than did the silage ration. Further-
more, it required a little less dry and digestible matter to
make a delinite quantity of milk ingredients with the former
ration.
3. It cost several })er cent, more to produce milk with the
silage i*ation ; but this diflerence was due primarily to the
temporarily increased market price of the corn and cob meal,
and not to the feeding eflect of the ration.
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ExPETiiMEXT II.
—
Winter, 1004.
Object of the Experiment.— The object of this experiment
was quite siniihir to the one already described
;
namely, to
see if corn silage could not ])e employed in place of wheat
bran as a distributer of the heavy concentitites.
Plan of the EMperhnent.— This experiment was conducted
on the reversal plan. The cows were divided into two lots
of four each. In the first half of the experiment one lot
received the so-called bran mtion at the same time the other
lot received the silage ration. In the second half these con-
ditions were reversed.
Duration of Experiment.
First naif.
Character of Ration. Date. Number ofWeekB. Cows.
Bran as distributer,
Silaj^e as distriljuter, .
January 16 through
February 26.
January 16 through
February 26.
6
6
Blanche, Brighty
Doliska, Dora.
Daisy, Linuie
May, Roda.
Second Hul f.
Bran as distributer.
Silage as distributer, .
March 5 through
April 15.
March 5 through
April 15.
6
6
Daisv, L i n n i e
May, Roda.
Blanche, Brishtv
Dohska, Dora."
Care of Animals and of the Product.— The general care
of the animals and the method of feeding and of sampling
the milk have been described in the preceding experiment.
Each cow was weighed for three consecutive days at the
beginning and end of each half of the experiment, the weigh-
ins: beinor done in the afternoon before feedini; and waterinor.
Character of the Feeds. — The weights of a quart of the
two grain mixtures were about the same as those fed in the
former experiment, the bran ration being much the more
bulky. The bran was derived from winter wheat, and was
light and flak}-. Corn meal was used in place of corn and
cob meal, the latter not being available. The cotton-seed
meal and Hour middlings were of the usual good quality.
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The silage was largely corn, with a slight admixture of soy
beans. The corn and soy beans were grown together, but,
(Swing to the cool summer of 1903, the beans made a very
light growth and produced scarcely any seeds. The corn,
likewise, was poorly eared, and the total yield of the mix-
ture was only about 8 tons to the acre. The silage was not
at all decomposed or unduly acid, and was considered of
fiiir quality. The hay was largely Kentucky blue-grass, of
good quality, cut when in full to late bh)ss()m.
Rations consumed Daily (Pounds).
Wheat Bran Ration.
Cows. FirstCut Hay. Silage. Bran.
Com
Meal.
Flour
Middlings.
Cotton-
seed
Meal.
Blanche, 16.0 34.6 3.5
1
2.0 1.5
lirighty,
. 13.0 30.0 3.0 2.0 1.0
Doliska, 12.0 30.0 .•?.o 2.0 1.0
Dora,
. 13.0 30.0 3.0 2.0 1.0
Daisy, 13.0 30.0 3.0 2.0 1.0
Linnie, 15.0 30.0 3.0 2.0 1.0
May, . 16.0 30.0 3.0 2.0 1.0
Roda, . 12.0 30.0 3.0 2.0 1.0
Average, 13.
S
30.6 3.1 2.0 1.1
Silaye Ration.
Blanche, 15.0 35.0 3.0 2.0 2.0
Brighty, . 12.0 30.0 2.5 2.0 1.5
Doliska, 11.0 28.1 2.2 2.0 1.4
Dora 12.0 30.0 2.5 2.0 1.5
Daisy, 12.0 30.0 2.5 2.0 1.5
Linnie, 14.0 30.0 2.5 2.0 1.5
May 14.0 26.9 2.3 l.S 1.4
Roda, .... 11.0 30.0 2.5 2.0 1.5
Average, . . 12.6 30.0 2.5 2.0 1.5
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Di'u and Digestible Matter in Daihj Rations {Pon?idsy
Wheat Bran Ration.
Cows. DryMatter.
27.12
22.66
21.78
22.66
22.66
24.44
25.33
21.78
23.55
Digestible Organic Nutrients.
Protein.
2.54
2.09
2.04
2.09
2.09
2.18
2.23
2.04
2.16
Fiber.
4..36
3.61
3.43
3.61
3.61
3.97
4.15
3.43
Extract
Matter.
8.45
7.21
6.98
7.21
7.21
7.67
7.89
6.98
.45
Fat.
.&3
..53
.52
.53
.53
..54
.55
Total.
15.98
13.44
12.97
13.44
13.44
14.36
14.82
12.97
13.92
Silage Ration.
Blanche, 26.28 2.46 4.15 9.03 .68 16.32 1 5.9
Brighty, 21.76 2.03 3.40 7.60 .57 13.60 1 6.0
Doliska, 20.15 1.90 3.14 7.03 .53 12.60 1 6.0
Dora, .... 21.76 2.03 3.40 7.60 .57 13.60 1 6.0
Daisy, .... 21.76 2.03 3.40 7.60 .57 13.60 1 6.0
Linnie,.... 23.53 2.13 3.76 8.06 .58 14.53 1 6.2
May, .... 22.49 2.00 3.63 7.61 .54 13.78 1 G.2
Rodn, .... 20.87 1.99 3.22 7.38 .56 13.15 1 6.0
Average, 22.33 2.07 3..51 7.74 .58 13.90 1 6.0
Average Daily Bations (Po2inds).
Character op Rations. Hay. Silage. Bran. Corn
Meal.
Flour
Middlings.
Cotton-
seed Meal.
Bran,
Silage,
13.8
12.6
30.6
30.0
3.1
2.5
2.0
2.0
1.1
1.5
Average Dry and Digestible Nutrients in Daily Piations {Pounds).
Dry
Matter.
Digestible Organic Nutrients.
Nutritive
Ratio.Character of Ration.
Protein. Carbo-hydrates. Fat.
Total.
2.16 11.22 .54 13.92 1 : 5.7
2.07 11.25 .58 13.90
1
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The average daily bran ration, consisting ai)proxiinateIy
of 14 pounds of hay, 31 i)ounds of silage (aljoiit a bushel),
3 pounds of bran, 2 pounds of flour middlings and 1 pound
of cotton-seed meal, may be considered a good type of a
dairy ration, and quite similar to combinations in use by
many milk producers who buy all of their grain. It was
the aim in preparing the silage mtion to do away with the
bran by substituting home-grown corn, and at the same time
to produce a combination that would contain essentially the
same quantity and proportion of digestible nutrients. Thi>
was accomplished by feeding 2.5 pounds of corn meal instead
of 3 pounds of bran, and 1.5 pounds of cotton-seed meal in
place of the 1 pound fed in the bran ration.
Assuming that the farmer produced the hay, silage and
corn meal in the ration, he would only use 3.5 pounds daily
of i)urchascd grain, costing 4.7 cents, while the bran ration
would require a daily cash outlay for grain of 7.25 cents.
The two rations contained almost identical quantities of
digestible protein and of total digestible nutrients. Both
rations appeared to be ecjually well relished by the animals.
The entire herd consumed the bran ration without the least
irregularity, while on the silage ration the cow ^lay suftered
an attack of indigestion which caused her to shrink notice-
ably in her milk, and rendered it necessary to reduce her feed
for some ten days. Whether this disturbance may be at-
tributed to the character of the ration, or to other causes, it
is difficult to state with certainty. Cow Doliska, while re-
ceiving the silage ration, underwent an att{ick of mammitis
in one quarter of the udder, which decreased her milk yield,
and made it necessary to take away temporarily a consider-
able })orti()n of her grain ration. This cow was producing a
large yield of milk during tlie experiment, but was not in
first-class physical condition. It seems probable that her
condition rendered her sensitive to the combination of heavy
grain, even though it was distributed through the silage.
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Wciyht of Animals al Bc(jinning and End of Exiieriment (Pounds).
Wheat Bran Ration.
Blanche.
Brighty.
1
oQ oQ
Daisy.
Liiiuie.
May.
Roda. Total
Gain
or
Loss.
1
I.ITH 83-2 753 887 &42 841 1,020 852)
+ 2'.J
1,146 841 741 876 863 854 1,024 887)
Silage Ration.
1,121 838 714 868 823 828 1,013 831 )
+ 18
End 1,133 836 .720 884 830 823 990 838)
The animals practically maintained their weight on each
of the rations.
Yield of Milk and Milk Ingredients, ivith Percentage Gain or Loss
{Pounds)
.
Wheat Bran Ration.
Cows. TotalMilk.
Daily
Milk.
Total
Solids.
Total
Fat.
Butter
Equivalent.
Vu added.
Blanche
Brighty, ....
Doliska
Dora, ....
Daisy, ....
Linnie, ....
May, ....
Roda
1,004.08
790.62
1,105.37
909.16
715.10
914.35
8.34.73
834.03
23.91
18.82
26.32
21.65
17.03
21.77
19.87
19.86
145.19
122.39
134.97
126.10
110.05
130..57
1-23..54
115.93
51.51
49.73
40.24
44.28
41.48
48.92
43.99
39.95
60.10
58.02
46.95
51.66
48..39
57.07
51.32
46.61
Totals, 7,107.44 21.15 1,00^;. 74 360.10 420.12
Silage Ration.
Blanche
Brighty, ....
Doliska, ....
Dora
Daisy, ....
Linnie, ....
May, ....
Roda
1,009.62
790.06
909.17
874.78
798.06
997.35
836.97
930.92
24.04
18.81
21.65
20. 8;^
19.00
23.75
19.93
22.16
U5.79
123.88
114.28
125.01
123.14
141.82
126.55
126.42
50.99
50.
-25
34. .55
44.44
46.13
52.86
46.28
43.19
59.49
58.
40.31
51.8.T
53.82
61.67
5;i.!«>
50.39
Totals, . 7,146.93 21.27 1,026.89 368.69 430.15
Percentage gain of si-
lage over bran ration.
0.5 1.7 2.2
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The yields are slightly in favor of the silage ration, but
the diflerences are so small as to have no [)articular signifi-
cance. Had cows May and Doliska remained undisturbed
during the experiment, this increased yield would have been
more pronounced.
Average Composition of Herd Milk (Per Cent.).
Character or Ration. Total Solids. Fat. Solids not Fat.
14.1'J 5.07 9.12
Silage, 14.37 6.16 9.21
While the results show that the silage i*ation produced
milk a trifle richer in both fat and solids not fat, the slight
diffierence is without any important signification.
/>/'// (Did Digestible Matter required to produce Milk and Milk Ingredi-
ents {Pounds).
Character op Ration.
Dry Matter. Dioestible Matter.
One
Hundred
Pounds
Milk.
One
Pound
Solids.
One
Pound
Fat.
One
Hundred
Pounds
Milk.
One
Pound
Solids.
One
Pound
Fat.
Wheat bran,
Silage
111.35
104.96
7. 85
7.31
21.98
20.35
65.84
65.33
4.64
4.55
13.00
12.67
While the results show that in case of the silage ration it
required a little less dry matter to produce a definite (|uan-
tity of milk and butter fat, they also show that in case of
both rations practically the same quantity of digestible matter
was necessary to produce an equal quantity of milk products.
Food Cost of Milk Products.
Character op Ration. Total
Milk.
One Hundred
Pounds Milk.
One Quart
Milk (Cents).!
One Pound
Butter (Cents)
Wheat bran $77 76 $1 09 2.45 18.5
Silage 75 42 1 06 2.38 17.5
Percentage increased cost of brnu 3.1 2.8 2.9 5.8
over silage ration.
* 2.26 pounds is the commercial figure allowed for one quart of milk; the theoretical
quantity is 2.15 pounds, the excess of .10 of a pound being allowed for loss in handling.
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With hay at $15 a ton, silage at $3.50, bran at $22, corn
meal at $24, cotton-seed meal at $28 and middlings at $2(i,
the silage ration produced milk and butter slightly cheaper
than did the bran ration. This difference in cost is due
partly to the temporary variation in the cost of the sev(;i-al
grains, and partly to the slightly more favorable effect of the
silage ration.
Apjiroximate Fertilizer Ingredients, in Rations (Cost).
Wheat Bran Ration.
172.29 ijonnds nitrogen, valued at . . . . $30 15
134.92 pounds potash, valued at . . . . 5 40
68.04 pounds phosphoric acid, valued at . . 2 72
Total, $38 27
Silatye Ration.
169.99 pounds nitrogen, valued at . . . . $29 69
119.77 pounds potash, valued at . . . . -1 79
54.88 pounds phosphoric acid, valued at . . 2 20
Total, $36 68
The total rations consumed by the herd contained nearly
the same quantity of plant food. There Avas a slight excess
of potash and phosphoric acid in the bran ration, due to the
richness of the bran in these two mineral constituents.
Conclusions.
1. The silage ration produced slightly more milk and milk
ingredients at a trifle less cost than did the bran ration.
2. A little less dry and digestible matter was re(juired to
produce a given quantity of milk products with the former
mtion.
3. Two animals were temporarily out of condition while
receiving the silage ration. This may have been partly due
to the effects of the heavy concentrates and i)artly to other
causes.
Discussion of Eestilts.
1. In both experiments hay and corn silage served as the
roughage, while a mixture of cotton-seed meal, flour mid-
dlings and bran, or cotton-seed meal, flour middlings and
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corn meal or corn and cob meal, served as the two grain
rations ; bran acted as a diluter of the heavy concentrates in
one case, and corn silage in the other.
2. In the first experiment the results were slightly favor-
able to the bran ration, while in the second exi)eriment the
conditions were reversed. The differences were so triflin<>:
that it may be said that for practical purposes both rations
produced ecjually satisfactory results.
3. As a practical deduction, the writer would suggest that
farmers Avho kee}) comparatively small herds, and who per-
sonally look after the feeding, may reduce the (|uantity of
jyiD'chased grain to 3 or 4 pounds daily per head, and sub-
stitute home-grown corn in place of wheat bran. Five to 7
l)ounds of grain daily is the usual allowance for cows pro-
ducing about 10 (|uarts of milk of average (juality. This
grain mixture ma}^ consist of ly^ pounds of cotton-seed
meal, 2 pounds of flour middlings and 21^ to 3 pounds of
corn or corn and cob meal daih' ; or pounds of cotton-
seed meal, 2 pounds of oat middlings or rye feed and 2i/^> to
3 pounds of corn meal. Malt sprouts may be substituted for
the wdieat, oat or rye middlings. The several grains after
being mixed should be distributed through the silage or cut
hay with the aid of a fork. This method of feeding Avill
enable the farmer to get along with a minimum catih outlay
for gi-ain {^^2 cents daily), and at the same time he will be
sui)plying a well-balanced ration, rich in elements of fertil-
ity. The method will be more i)articularly suited to farmers
not having easy transportation facilities, and who sell their
dairy i)roducts to the creamery.
4. Farmers and dairymen who cannot closely supervise
the feeding, and who desire to feed more than 5 to 7 pounds
of gmin daily, will probably find it advisable to use one-
third to one-half wheat bmn in compounding the grain mix-
ture. Distillers' grains and malt sprouts have also been
shown to be quite satisfactory distributers of the heavy con-
centrates.^
^ Bulletin No, W of this station.
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REPORT OF THE BOTANIST.
a. K. stone; assi.stant, n. f. monaiiax.
The long })eriod of dry weather during the past summer
has rendered many j)lants free from certain types of fungous
diseases. On the other hand, the dry conditions were favor-
able for the outbreak of other troubles. A considerable
amount of rain fell, and a more or less prolonged period of
cloudy and damp weather prevailed during the latter part
of August and first of September, which brought on some
severe cases of blight. This rainy and damp period, coming
as it did after the severe drought, exerted a peculiar influence
on the quality of fruit, and in some insta!ices it was respon-
sible for inducing a renewed activity of the reproductive
organs of plants. It is well known that favora])le condi-
tions following a check often stinmlate vital activity along
the lines of reproduction, and it was not surprising to find
some wild plants responding in this manner.
Downy Mildew of Tomato.
(^PJiijtopJdJiora infestam, DBy.)
The damp and rainy period following the prolonged dry
season caused an unusual outbreak on tomato plants, namely,
the down}^ mildew, which is the same as that giving rise to
the late ])liglit of potatoes. It is seldom that this mildew
attacks tomatoes, in this State at least, to any extent; but
this season the damage was quite severe and widely dissem-
inated, especiallv injuring the younger vegetative portions
of the plants.
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Potato Rot.
{Phylophthora infesta ns, DBy.)
The fungus mentioned above was also responsible to a
large extent for damage to potatoes, causing them to rot»
especially those grown on moist land. During the early-
part of the season potatoes as a whole were remarkably free
from blight, and not until the rniny and damp period came
in September did they display any alarming troubles. In
some instances quite a large percentage was destroyed by
rot. The spraying of potatoes in this State has not met
with that deo^ree of success that it has in other New Va\<j[^-
land States, one reason being that the early blight often
occurs here quite disastrously, and obtains a foothold early
in the season.
Spraying for this trouble should commence early in Juno,
when the plants are al)()ut one-fourth grown, and continue
until late in the season. Another factor underlvins: success-
ful spi-aying is pressure ; at least 50 pounds' pressure should
be maintained by the pump, to secure the best results. Ex-
periments at the college this 3xn\r showed material gain in
the quantity of potatoes secured from sprayed crops, a>
compared with those not sprayed.
Cucumber and Melon Blight.
The dry sunmier with its freedom from moisture proved
favorable for cucumbers and melons, and these crops weri^
not severely affected, at least })revi()us to September, with
either the downy mildew or anthracnose. During the i)ast
fall there has occurred considemble infection to greenhouse
crops, especially those started early. For the last six or
seven years the downy mildew (PJasmopara Cubensis (B.
& C.) Humphrey) has occurred generally upon greenhouse
cucumbers started early in the house, and occasionally the
anthracnose [CoUefotrichum Lagenarium (Pass.) Ell. c<:
Hals.) appears in the fall, but we know of no instances
where either of these blights has wintered in greenhouses.
Both of these l)lights must therefore at present be consid-
ered as left over from summer. The anthracnose, however,
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usually makes its appearance in the spring on greenhouse
l)lants, and the mildew about the 15th of August on either
outdoor or greenhouse crops. Both of these blights can be
readily controlled in the greenhouse by judicious attention
to cultural methods. Neither of them will survive if atten-
tion is given to light, ventilation and especially moisture.
When the foliage is kept dry these fungi are unable to get a
start. In case syringing is necessary to keep the red spider
down, it should be done in the mornino' in bright sunliofht,
at which time the plants will dry out readily. In case these
blights have attained some headway, the pipes should be
painted with sulphur and oil. Beneficial results have been
reported by different growers who have tried this method.
Sun Scald.
The general interest manifested in shade trees in this State
is quite apparent from the large number of specimens sent
us each year, and the amount of correspondence touching
upon various matters concerning them. The number of
cases of sun scald to shade trees the past summer was un-
precedented. This was particularly noticeable in rock maples
and white pines, although this same trouble occurred with
many trees and shrubs to some extent. The sun scald on
rock maples was unusually abundant, and more severe than
usual. Some trees which were under our observation had
as much as ninety per cent, of their foliage as dry and crisp
as casted leaves. Some maple trees possess the peculiarity
of having their leaves badly scorched each year, where other
trees of the same species located near them are entirely free
from this trouble.
As a result of the prolonged drought and the excessive
heat during mid-summer, many rock maples developed foli-
age of a peculiar bronze color. There was also much pre-
mature fall coloring and defoliation on many trees. The
cause of so much sun scald during the past summer was
drought and dry winds.
Where fine specimens of lawn or roadside trees exist,
every effort should be made to maintain them in the best
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condition possible. A deep, rich, loamy soil, well supplied
with organic matter, constitutes a good guarantee against
sun scald.
Burning of Conifers and Evergreens.
The burning or drying up of leaves commonly seen on
conifers and other evergreens in spring is the result of win-
ter or spring injury. Trees affected in this manner show the
burning generally on one side, which coincides with the
direction of some prevailing wind or storm. This is a genu-
ine scald, similar to that prevailing on other trees, and occurs
at a time when the ground is frozen and drying winds pre-
vail. This is usually brought about by a sudden rise of
temperature in the early spring when the plants are in frozen
ground, at which time transpiration is active. Under these
conditions root absorption is limited, whether the soil is
moist or dry, and burning results.
An arbor vitae hedge, which has been under our observa-
tion for some years, located on high ground with a severe
exposure, becomes burned more or less every year. Fre-
quently the burning is on the southeast side and occasionally
on the southwest, but more often on the northwest, which is
the direction of the prevailing winds.
There is a considerable amount of burning to conifers and
rhododendrons in this State, and not infrequently this is so
bad that the specimens are ruined. Much of this injury
occurred during the winter of 1904—05, on evergreens
located on private estates and in nurseries. One nursery-
man states, for example, that all his evergreens, which
included various species of abies, buxus, chama3cyi)aris,
juiiiperus, picea, pseudotsuga, taxus, thuya and tsuga,
burned last winter, and other nurserymen have experienced
trouble with retinosporas and varieties of thuya or arbor
vitas.
Our native conifers are seldom injured in this manner
except when transplanted in some uncongenial place, or
where the environment is more or less modified. Swamp
cedar burns frequently when taken from the swamp and
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grown in ordinary soil, and the arbor vita», sparingly found
as a native in this State, frequently burns when planted on
high or more or less dry land with severe exi)osure. This
holds good also for hemlocks, and to a certain extent for
pines and junipers.
Winter-killing.
The disastrous effects of winter-killing are probably more
discernible in the State at the present time than for many
years ; at least, we have no recollection of seeing so much
damage done to so large a variety of trees and shrubs as has
occurred in the last two or three years. The winter of
1903-04 was extremely severe on most of the native and
exotic plants, including trees, shrubs and vines
;
and, while
the winter of 1904-05 was not so severe in many ways, the
past summer has done much to emphasize any trouble that w^as
present to a slight degree before. The winter of 1902-03
was also a severe one, although the effects of killing during
that period were largely above ground.
The symptoms of winter-killing are tolerably well marked
in most instances, especially to the trained observer, and it
is seldom that it need be confounded with anything else,
neither is it always necessary to make extensive examina-
tions of root systems to ascertain root killing. Further-
more, because a plant is native constitutes no evidence of
its ability to withstand unusually severe conditions, since
unusual seasonal peculiarities often render them less hardy.
For example, the Labrador tea, which is a native of Labra-
dor, has been known to winter-kill in this State, although the
climatic conditions of this State are decidedly milder than
those of Labrador. There are several classes of winter in-
jury which may readily be distinguished, some of which are
not unusual, and can be found every year. There is killing
of that portion of the plant above ground as w^ell as killing
of the root systems, the latter being extremely common
during the winter of 1903-04. Besides these types of injury
mentioned above, there frequently occur frost cracks, twig
killing, bud injuries, blisters to leaves, etc. The latter has
occurred occasionally in leaves of apple trees in the sju'lng
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when they were tender, and frequently results in almost com-
plete defoliation of apple trees during August. This trouble
has been studied by Sorauer in Germany, by Stewart in New
York, and ])y Stone and Smith in this State.
Some of the conditions which underlie winter-killino: are
as follows : —
Severe cold, causing frost to penetrate to a great depth.
Sudden and severe cold following a prolonged warm spell
in the fall, in which case the wood tissue is tender and im-
mature.
Conditions which favor a soft growth and immaturity of
wood. Various causes may be responsible for this, such as
growth in a low, moist soil, too heavy manuring or fertil-
ization, or absence of sufficient sunlight.
General low vitality, caused by insect pests and fungous
diseases and lack of moisture in the soil.
Insufficient soil covering, such as lack of organic matter,
Jight mulching and snow covering in v/inter.
Location in unusually windy and exposed places, etc.
Species with a limited maximum range for cold are es-
pecially susceptible. There are innumerable examples at
hand which will furnish illustrations of the various causes of
Avinter-killing. For example, low vitality is well illustrated
by the large number of old apple trees which have died in
the last two years. The old, neglected orchards were the
worst sufferers from the effects of winter-killing, and many
isolated trees, such as cherry trees that had received no care
for some years, were badly affected.
In one instance a number of peach trees and various kinds
of shrul)bery, both native and exotic, were severely injm*od
where located near an overflow from a cesspool, while similar
shrubbery near by was not injured in the least. This injury
was due to the more rapid and tender growth of those plants
which received benefit from the cesspool overflow. Per-
fectly hardy native plants, being deprived of a normal
amount of light or grown in too dry places, arc winter-killed
readily ; and Japanese maples on high, dry ground with
severe exposure are extremely subject to winter-killing.
By far the most noticeable effects of winter-killing have
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occurred above ground. This in some cases has resulted in
local injuries to the trunk or in the loss of a few limbs,
which has been responsible for completely ruining the sym-
metry of many valuable specimens, while in other instances
many plants have died back to the ground. Some of the
plants which have been affected in this way are as follows
:
Japanese maples, sycamore and Norway maples, apple,
peach, plum, cherry, quince, grape vines, Japanese clematis,
matrunony vine, roses, Forsythias, California privet, Amor-
pha fruticosa, Callicarpa purpurea and Americana, Ampel-
opsis tricuspidata, Deutzia scabra and gracilis, Diervilla
tiorida-candida, Catalpa bungei, Exochorda grandiliora,
Hibiscus syriacus, Magnolia tripetala, Lonicera japonica-
halliana, Stephanandra flexuosa. Viburnum tomentosum,
Tamarix tetrandra, Khus semialata and ^Esculus pavia.
Among the native plants may be mentioned the pine, ash,
oak, white birch, alder, spice bush and holly. We ob-
served large clumps of white birch and alders winter-killed
above ground. The winter-killing of branches and twigs
often occurs on young Japanese maples, especially where ex-
posure is severe or when not given the best cultural condi-
tions ; and the young twigs of Xorway and sycamore maples
and horse-chestnuts have been quite susceptible to winter-
killinoj of late. The killinor of the buds and wood occurred
in forsythias, peach and roses. Much of this winter-killing
of branches, etc., is generally followed by an outbreak of
Nectria cinnabarina and Schizophyllum.
As previously stated, the winter of 1903-04 was extremely
severe in the amount of root killing which took place. The
trees showing injury were the apple, pear, peach, quince,
cherry, plum, white pine, red and rock maples, butternut,
ash, oak and elm. Among shrubs, vines, etc., were the
grape, raspberry and blackberry.
Many of the exotic ornamental plants suffered in the same
way, such as, for example, the deutzias, California })rivet,
etc. ; in fact, man}" of the native and exotic species showed
killing both above and below ground. The trees which
have shown root killing the worst are apples, red maples,
butternuts and pines. The effects of the winter-killing of
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roots manifest themselves in many ways. Sometimes the
plant is killed outright, while in other instances only a slight
injury is caused. Many maples, for example, were killed
outright, while others lost only a certain per cent, of their
roots, thus causing thin to[)s, and where this injury was not
ver}^ extensive many of the thin-top trees recovered in oiw
year.
In some instances the leaves at the top of the red maple
remained in a half-developed condition throughout the sum-
mer. In such cases the leaves were rather pale in color,
and they assumed a peculiar pendulent position on the
branches. These trees have also for the past two years
manifested a premature autumnal coloration, especially on
those portions with poorly developed foliage, the result of a
limited water supply caused by winter-killing of the roots.
Apple trees were affected to a large extent by root kill-
ing, and many hundreds of them have succumbed. In many
cases these trees would have l)een saved if severe pruning
had been practised at the time of the first appearance of this
trouble, since severe pruning of the tops of the trees would
have balanced the root and bmnch systems. Peach, plum
and quince trees were affected in the same way, but the
trouble was not nearly so general with these. The same
holds true for blackberries, raspberries and grapes. One of
the peculiarities displayed by many of these plants consisted
in their leaving out and bearing fruit, then suddenly col-
lapsing.
The white pine was the most extensively affected tree.
These trees in some localities were so severely affected that
many of them died during the spring following the winter
of 1903-04. In some severe cases the trunks were frozen
and badly injured, but in the greater majority of cases the
tips of the new leaves became brown and died. The dry
summer of 1905 was severely trying for these partially
affected pines. Had a normal water supply been available,
this injury would not have resulted. The specimens which
we examined had a large percentage of the small, fibrous
roots killed, but in no case observed had the large roots
been injured. This pine injury extends throughout the
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whole State, but appear.s to he less common in the Connect-
icut valley than elsewhere.
One of the most distinctive features connected with the
pine during the past summer was the burninir of the tips of
the leaves. In most cases the young, new leaves connnenced
to turn yellow at their ends, as if sun scorched, but usually
grew worse ; and in many instances all the needles turned
yellow, subsequently died and dropped otf. This might not
occur on the whole tree, but on only one or more branches.
Occasionally this trouble would occur before the young
needles reached their normal length : and in such cases the
needles w^ould be short and the tree would present a stunted
foliage, as w^e sometimes see on pines grown in very dry
soil. Many were inclined to l)elieve that some fungous
disease was affecting the pines. Our examinations of the
young needles in early sunnner show^ed no indications of
fungi being present, and others have reported the same
results. Subsequently, however, there appeared various
species of fungi on the leaves, and in some cases on the
branches, etc. This was merely a natural result following
the weakened condition of the tree, caused b}' the affected
root system.
Mrs. Flora AV. Patterson of the Department of AgTicul-
ture in Washington, who had exceptional opportunities to
examine the pine trouble as it occurred in New England and
elsewhere during the summer, reports at least six difterent
species of fungi upon the needles and branches. From
examination of considerable material gathered in this State
she has reported having found Phoma Harknessii, Sacc,
Septoria parasitica, Hartig, Henderson ia foliicala. Berk.
The Septoria was found in connection with the leaves that
had their tips burned, and the Hendersonia was associated
with a general yellowing or irregular spotting of the needles,
while the Phoma was found with a quite different and by no
means common trouble, causing no serious injury to the
trees.
In conclusion, we would state that the trouble atteeting
the pine in this State was due primarily to the extreme
winter-killing of the roots during the winter of 1903-04,
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together with the unusually severe drought occurring in the
summer of 1905. The occurrence of so many different fungi
on the pine, which especially predominated during the late
summer and fall, was very largely a secondary result of the
weakened condition of the tree caused by winter-killing.
Relation between Soil Aeration and Germination
AND Growth.
For some time our attention has been given to the relation
existing between seed germination and plant development,
and soil texture and aeration. This problem possesses a
practical bearing, inasmuch as it underlies the question of
soil selection for specific crops. It is not our purpose at
present to go extensively into this subject, but only to touch
upon one phase of it. It is well known to gardeners and
others that aeration, or the presence of air in soils, plays
quite an important role in the development of seedlings.
This experiment was made to determine what effects forcing
air through soil would have upon germination and growth.
For this purpose we made use of loam placed in two l)oxes,
18 by 18 by 18 inches. In each box there was a round
funnel, 4^^^ inches in diameter, buried under the soil 1%
inches from the surface. Both funnels were connected with
block tin tubes leading outside of the box, one of which was
attached for a period of six hours each day to a water blower,
and the other remained unconnected. Lettuce seed, which
is (juite susceptible to aeration, Avas employed, and 1JA)0
seeds were placed in each box, and the necessary data per-
taining to germination, etc., were noted.
Table showing Bestilts of Aeralion 07i Qi^owth of Lettuce Seedlings.
1,500 Seeds in Each Box.
Number of
Plants
obtained.
Weight of Skeulinos
(Grams). Average Gain
in Weight
(Per Cent.).
Total. Average.
Unaerated
Aerated,
i)T7
1,210
83
152
.OH47
.1239 46.27
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From the i)i'oceding tabk; it will be noted that there was
considei-able more seed germinated in the aerated box than
in the unaerated one, as noted by the number of plants ob-
tained ; and that the average weight of the seedlings in the
aerated exceeded those in the unaerated by 4() per cent.
The seeds in the aerated box showed decided acceleration in
germination, there being a difference of at least thirty-six
hours in favor of the aerated seed. This experiment lasted
from October 5 to November 8, and the difterence in the
size of the plants became more marked each day. In the
aerated box the plants were noticeably larger over the funnel,
while in the unaerated box the plants were largest near the
edges of the box, where the soil had shrunk away from the
sides, which enabled the roots of the seedlings to have free
access to air.
That oxygen plays an important part in the germination
of lettuce seed is quite evident from many experiments we
have made with this s[)eeies. The mere fact of covering
lettuce seed loosely or sifting fine loam on them results fre-
(|uently in enormous differences in the germination. Such
seeds as lettuce and white clover are particularly susceptible
to aeration
;
and, according to our numerous experiments,
these seeds germinate best in soils of loose texture.
CoMPARisox OF Sterilized Loam and Subsoil.
Some experiments were conducted two years ago by Mr.
S. R. Parker, then a senior specialist in the agricultural de-
partment of the college, which necessitated using a sterilized
soil. In all of Mr. Parker's cultures, which were made in
a soil very poor in organic matter, there was an extremely
poor and sickly growth of soy bean in those pots which had
been sterilized, whereas the growth was good in pots which
had not been steamed. The experiments were carried on in
our ijreenhouse, and the results were so different from those
occurrins: in sterilized loam that it was considered wise to
repeat them.
A soil similar to this had previously been sterilized for
the growth of tobacco seedlings, without producing similar
disastrous effects upon the plants. In the single experiment
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given here we nuide use of a similar soil, namely, a yellow
subsoil loam, containing little organic matter. Eight })ots
were selected, four of which contained loam and four sub-
soil. Of these, two each of the loam and subsoil pots were
sterilized, and two each of the remaining pots were left un-
sterilized. The results follow.
Table shoiving Growth of Soy Bean in Sterilized and Unsterilized Loam
and Subsoil.
Total
Number
Atsraob Length (cm.) of
Stems in—
Gain (+) or
Loss (— ) in
Sterilized
Soil (Per
Cent.).
of Pots
used.
Uusterilized
Soil.
Sterilized
Soil.
4 9.53 10.87 + 14.05
4 9.79 4.14 — .57.70
The num])er of seeds germinated in unsterilized loam and
soil was ^^0, that for the sterilized 34, showing a slight gain
in favor of sterilization, which is unimpoi-tant, considering
the small number of seeds used. There is also a gain in
height of loam plants of 14 percent, in favor of steriliza-
tion, while in the subsoil series there is a loss of 57 percent,
due to treatment. The subsoil pots also showed a poor,
sickly devcloimient. This corresponded in every way with
the results obtained by iNIr. Parker in his experiments.
This experiment shows, among other things, that extreme
precaution is necessary in drawing deductions from experi-
ments in which the soil is sterilized, esi)ocially where inocu-
lation work is undertaken in connection with soil organisms.
Influence of Soil Sterilization ox Seed GEiniixATiON.
In a previous report ^ the results of a similar series of ex-
periments were described, and this paper is a continuation
of the earlier one. As in the preceding series, the seeds
selected w^re in most cases from an old lot, which possessed
a rather low germinating ca})acity. The object of these
experiments was to ascei-tain the degree of acceleration in
germination which would result from plant se^ in steril-
* Fifteenth annual report of the Hatch Experiment Station, p. 41, 11K)3,
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ized soil. Results of a similar nature have been observed
by us a number of times in an incidental way when utiliz-
ing sterilized soils in our general experimental work in the
greenhouse. The seeds were planted in boxes 18 by 12 by
3 inches, and previous to planting the soil in the sterilized
boxes was heated by steam to a temperature of about 212°
F. for one hour. The soil used constituted a good tyi)ical
loam, characteristic of this region, and the sterilized and
unsterilized soils were identical in every way except as to
steaming. Other conditions, such as heat, light, degree of
moisture, etc., were made the same as far as practicable.
In Nos. 15 to 23, inclusive, 600 seeds were used in three
separate experiments, where 100 seeds were sown in ster-
ilized soil and 100 in unsterilized soil. In Nos. 25 to
34, inclusive, 800 seeds each were employed, there Ix ing
two experiments. No. 39 is the result of only one experi-
Tdblc showiiKj the Gcrminalion of Seeds in Sterilized and Unsterilized
Soil.
Total Number Germinated in
—
Laboratory Number. Kind of Seed. Number
of Seeds
tested.
Sterilized
Soil.
Unsterilized
Soil.
Per Cent,
gained.
15 Turnip, 600 159 54 35.00
16, ... . Radish, . 600 148 101 15.66
17 Onion, 600 148 94 18.00
18 Red clover, 600 236 203 11.00
19 Lettuce, 600 289 267 7.33
20 Musk melon, 600
21 Lettuce, 600 208 51 52.
22 Tomato, . 600 79 63 5.33
23 Crimson clover, 600 15 4 3.66
25, ... . Melilotus, . 800 133 109 5.75
26, . . . Spinach, . 800 378 246 33.00
27, . , . . Peppei-grass, . 800 233 106 31.75
29 Japanese millet, 800
32 White mustard. 800 242 65 44.25
33 White c^iTot, . 800
34 Winter vetch, . 800 30 5.50
39, .... Soy bean, . 1,000 365 175 38.00
Average, 21.89
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me!it, this being made in the greenhouse bench soil ; 500
seeds were sown in unsterilized soil and 500 in sterilized
soil.
The data given in the table show that there occurred a
positive gain in germination of the seed sown in sterilized
soil. Nos. 20, 29 and 83, however, Avere old seed, which
had apparently lost their i)Ower of germinating, and the
stimulating effect induced by soil sterilization evidently had
no ertect on them. There is no reason for believing that
when seeds have once lost their germinating power, or, in
other words, are dead, this process will revive them. The
percentage gained in some instances is (juite marked, while
in others it is insignificant. The average obtained from this
series is 21 per cent. On account of the low germinating
capacity prevailing here in many instances, the percentage
gained is only indicative, since it would be necessary to
employ a larger number of seeds to obtain more accui-ate
averages. It should be pointed out, however, that better
results than those given in these experiments have been ob-
served many times in connection Avith lettuce, cucumber,
melon seed, etc., in the greenhouse, where seed was used
on a much larger scale. The degree of accelemtion in ger-
mination is also marked, a feature which has been fre(iuently
noticed by us before. The number of seeds germinated dur-
ing the first few days of these experiments, including Nos.
15 to 34, inclusive, was 1G9 for the sterilized soil and 14fi
for the normal loam, or a gain of 14 per cent, in favor of
the sterilized soil. In the former series of experiments,
previously noted, we obtained 25 per cent, of acceleration
at the end of four days. There undoubtedly exists a diller-
ence in seeds in their response to stimulation in sterilized
soils. Tomatoes, for example, respond but little if any to
this method of treatment. The cause of this variation in
different species of seeds is not known. Experiments are
now being made along different lines which may throw some
light on this question. The benefit to be derived from sow-
ing seed in sterilized soil, both from a physiological and
pathological point of view, is important enough to warrant
in many instances its practice.
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Influence of Soil Decoctioxs on Seed Germination.
Some attempt has ])een made in the followinir experiments
to ascertain liie cause underlying the etlects which sterilized
soil has on seed germination. The question has often arisen,
In what manner does soil sterilizino; aflect seed irermination ?
Is the cause underlying this form of stinuilation a mechanical
one, or a chemical one? In all pr()bal)ility both mechanical
and chemical factors play a role here. If, however, the
sthnulus is of a chemical nature (and such types of stinuila-
tion are common enough to seeds) , we would expect some
response to occur on the part of the seeds when treated \vith
decoctions of sterilized soils. For special reasons we there-
fore selected two tyi)es of soils, one of which was a typical
Amherst loam, fairh' rich in organic matter and suital)le for
greenhouse culture ; the other soil a yellow^ loam of the
nature of an Amherst subsoil, deficient in nitrogen and con-
taining only a slight amount of organic matter. Three sets
of experiments were carried out with each soil. In each set
there wa.s a boiled loam and subsoil, a sterilized loam and
subsoil, and a normal loam and subsoil. The boiling and
sterilizing lasted fifteen minutes, the latter being mostly
done in an autoclave, under fifteen pounds pressure and at a
temperature of 250^ F. In all cases 400 grams of soil were
employed. The soils were placed in percolators, with
500 c.c. of distilled water, and allowed to stand for twelve
hours and to percolate very slowly. Four hundred grams
of normal loam and subsoil, that is, soil that is not treated,
were percolated in the same manner as the others. In addi-
tion to the above tests, tap water cultures were employed as
checks, and run parallel in every way to the others.
In some instances, however, distilled water was used,
besides the tap water, but since no ditference existed between
them, the distilled water tests were discontinued. After a
percolate had been obtained for the various soils, the seeds
were soaked in them for six hours, and then placed in ger-
minators of the Zurich type, or into germinators composed
of flower pot saucers provided w4th filter paper. In one or
two instances the soy bean was germinated in sawdust.
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Table I. — ShowiJif/ the Influence of Soil Decoctions upon Germination
of Seeds immei^sedfor Six Hours in Decoctions made by percolalit/
500 c.c. of Water through 400 Grams of Soil; 800 Seeds used in
Each Treatment, except ivilh the Soy Dean, where only 700 were
used, making a Total of 21 , 700 Seeds.
Percentage of Germination in
Seed. Tap
Water.
Normal
Loam.
Normal
Subsoil.
Boiled
Loam.
Boiled
Subsoil.
Sterilized
Loom.
Sterilized
Subsoil.
Soy bean, 28.3 25.6 33.0 33.5) 34.9 18.6 3-2.6
Buckwheat, . 5!».8 72.0 70.7 69.5 70.8 63.5 73.1
Radish, . 5-2.7 61.7 53.1 51.8 56.7 48.5 .52.3
Lettuce, . 7n.-.> S-2.3 71.8 80.7 77.6 71.6 61.8
Average, . 6-2.7 67.8 .57.1 58.
»
60.0 48.0 54.9
ToUil average. 5-2.7 57 .4 5y.4 51.5
The preceding table shows the results obtained from ex-
periments in which 21,700 seeds were employed. Since a
large num])er of seeds were used in these experiments, quite
accurate averages were o])tained, and the factors due to
variation are eliminated to a large extent. There is appar-
entl}^ a slight gain due to treatment shown in these experi-
ments. The best average results were given by the l)()ilcd
subsoil and loam, followed by the normal, while the sterilized
loam is below the tap water seeds. By noting carefully the
results obtained in these experiments, together Avith the
nature and color of the decoctions, we surmised that the de-
coctions were too strong for the best results, consequently
they were diluted with Avater to one-half strength in the next
experiment.
Table II. — Showing the Influence of Soil Decoctions upon Germina-
tion of Seeds immersed for Six Hours in Decoctions inade bij per-
colating 500 ex. of Water through 400 Orams of Soil, diluted to
Half Strength; 600 Seeds used in Each TretUmod, making a Total
of 10,800 Seeds.
Percentage of Germination in—
Seed. Tap
Water.
Normal
Loam.
Normal
Subsoil.
Boiled
Loam.
Boiled
Subsoil.
Sterilized
Loam.
Sterilized
Subsoil.
Soy beau, 50.0 50.2 51.0 55.5 5:1.5 55.2 51.7
Buckwheat, . 70.5 81.2 82.5 83.5 72.5 73.0
Radish, . 48.0 53.2 48.0 59.7 53.0 60.5 58.5
Lettuce, . 82.2 8:5.7 87.2 78.0 73.7 74.0 80.8
Average, . 64.3 64.4 66.8 68.9 6.5.9 65.5 66.0
Total average. 64.3 65.6 67 .4 65.7
These experiments are similar to the previous ones, except
that half-strength decoctions were used in all cases. The
results obtained from these three experiments are remark-
ably uniform in character, the tap water giving practically
the same results as the decoctions.
Table III.— Showing the Influence of Soil Decoctions upon Germina-
tion of Seeds immersed for Six Hours in Decoctions made by iicr-
colaling 500 c.c. of Water through 400 Grams of Soil, diluted
to One-fourth Strength ; 600 Seeds used with Radish and Buckwheat,
400 Seeds with Lettuce and Soy Bean, making a Total of 14,000
Seeds.
Percentage of Germination in—
Seed. Tap
Water.
Normal
Loam.
Normal
Subsoil.
Boiled
Loam.
Boiled
Subsoil.
Sterilized
Loam.
Sterilized
Subsoil.
Soy bean, 84.0 74.5 89.5 73.0 83.5 77.5 84.0
Buckwheat, . 66.5 91.7 85.0 93.7 91.7 82.7 83.7
Radish, . 65.5 64.5 62.5 46.5 .50.0 55.5 56.5
Lettuce, . 74.5 72.7 («.7 70.7 65.2 69.5
Average, . 72.6 75.8 77.4
/
69.2 73.9 70.2 73.4
Total average, 72.6 76.6 71.5 71.8
In the experiment with the one-fourth strength decoctions,
14,000 seeds were employed, representing three o.vpori-
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ments. There is a slight increase shown in this series, due
to treatment, which is the most marked in the normal loam
and subsoil.
Tat.le IV. — Hhoivimj the Injluence of Soil Decoctions npo7i Gcnnina-
lion of Seeds immersed for Six Hours in Decoctions made by per-
colating 500 c.c. of Water through 400 Grams of Soil, diluted to
One-eighth Strength; 200 Seeds used in Each Treatment, making
a Total of 5,600 Seeds.
Pebcentaoe of Germinatiow in
Seed. Tap
Water.
Normal
Loam.
Normal
Subsoil.
Boiled
Loam.
Boiled
Subsoil.
Sterilized
Loam.
Sterilized
Subsoil.
Soy bean, 75.5 75.0 75.5 85.5 85.0 87.0 80.5
Buckwheat, . 66.5 82.0 83.0 84.5 81.5 78.5 83.5
Radish, . 55.0 70.0 69.0 77.5 81.5 78.5 72.0
Lettuce, . 70.0 68.5 74.5 98.9 73.0 77.0 79.5
Avcra^'e, . 66.7 73.8 75.5 86.6 80.2 80.2 7^ . s
T(it;il average, 66.7 74.6 83.4 79.4
The experiment with one-eighth strength decoction shows
a decided gain throughout in the treated seeds, the most
marked ])eing given by the boiled and sterilized loams and
subsoil decoctions. Xo further dilutions were tried, but
from a careful study of the results of these experiments wv
are inclined to the belief that if more dilute solutions were
used an increased gtiin would occur, especially in the steril-
ized series, since the most highly colored decoctions were
obtained from the sterilized soils and the next highest color
from the boiled soils. It appears to us that the sterilized
decoctions were too strong, even when diluted to one-eighth
strength. Some variation in the strength of the decoctions
is likely to occur as a result of different percolators, and the
failure of the one-fourth and one-half strength to show more
of an acceleration may be attributed to this cause.
The following table gives the num])er of seeds that germi-
nated in the first twenty-four hours in the preceding experi-
ments, including tables I., II., III. and IV., from which the
degrees of acceleration and retardation due to treatment can
be obtained.
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Table V.— Showing the Degree of BetardfUion ami Acceleration in
Germination of Seeds soaked for Six Hours in Decoctions of Differ-
ent Strengths mcule by diluting 500 c.c. of Water which hml yer-
coJatcd through 400 drains of Soil treated as below.
Number i Pbb Cent, obbmixatbd in Twbnty-fouhs Houbs in—
of
Seeds
per
Treat-
ment.
1
Tap
1
Water.
1
1
i Normal
1
Loam.
1
1
Normal
Subsoil
!
;
Boiled
[
Loam.
1
Boiled
Subsoil.
1 Steril-
1
ized
Steril-
ized
Sul)soil.
Soy Bean.
1
Full streuiTth, . 600 27.7 27.5 30.5 33.1 •29.5 8.3 •27.5
Half stren^nli,
. 200 22.0 20.0 17.0 21.0 23.0 23.0 •23.5
Jincl-irheat.
Full strength, . 600 56.0 70.1 73.6 63.1 66.6 33.8 70.8
Half strength, . 400 55.0 44.2 57.5 57.2 31.7 36.7 46.2
Quarter strength,
.
400' 43.7 59.5 50.2 57.2 59.0 52.7 64.5
Eighth strength, 200 58.5 70.0 66.0 78.0 74.5 62.0 62.5
Hadisli.
Full strength, . 800 36.7 27.0 29.8 30.5 37.5 16.6 32.0
Half strength, . 400 28.0 37.5 30.2 41.7 37.5 43.0 32.2
Quarter strength. 400 45.0 43.5 39.0 17.5 24.0 37.0 37.0
Eighth strength, 200 32.5 64.5 61.5 68.0 73.0 69.5 61.0
Lettuce.
Full strength. oUU 37.5 35.8 39.3 34.5 41.5 37.3 35.1
Half strength, . 400 59.0 72.5 63.2 74.0 46.0 50.2 70.7
Quarter strength,
. 400 67.0 52.0 55.7 44.5 .51.5 53.5 56.5
Eighth strength, 200 51.0 55.0 55.0 83.0 52.0 72.0 64.5
Average, 41.8 45.3 44.7 47.3 43.7 39.1 45.9
Average normal
and total treated.
41.8 45.0 45.5 42 5
-1 41.8 44.3
This table gives the results of germination during the first
twenty-four hours of 42,000 seeds, and the degree of accel-
eration obtained corresponds in a general way with the total
number germinated as given in the preceding tables ; or, in
other words, the relationship between acceleration and the
total number of seeds germinated is similar. Comparing
the average numl)er of seeds germinated during the fii^t
twenty-four hours by the various treatments with til}) water,
there are no important ditferences shown. On the whole,
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however, there is a gain or acceleration due to treatment,
the maximum acceleration being shown by the boiled loam.
A comparison of the different strengths of solutions shows
that the one-eighth dilution produced the best results of any
of the treatments, that for boiled loam being the highest.
This series of experiments shows that decoctions of soils
variously treated induce accelemtion in seed germination,
and that a larger number of seeds germinated in decoctions
than in tap water. This increase is quite marked in dilute
decoctions (one-eighth strength), and would probably be
increased to some extent if the dilution should be carried
still further. In these experiments we have a chemical ex-
planation for the cause underlying accelcRition and increased
germinating capacity in sterilized soils. Undoubtedly driv-
ing out the gases and the subsecjuent absorption and renewal
of fresh oxygen in sterilizing practices acts beneficially to
soil and induces the seeds to germinate more quickly, as
is shown by the aerating experiments previously reported.
B}' the process of aeration, or by soaking seeds in dilute
decoctions, many seeds germinate that otherwise would not;
but there is no ground for belief that any of these stimulat-
ing processes actually revive or rejuvenate worthless seeds
to a greater extent than would result from the most favor-
able conditions for germination.
Sterilized subsoil, or that lacking in humus, has the same
etlect on germination as sterilized loam rich in organic mat-
ter ; but it inhibits growth to a verj' large extent, thereby
differing in this respect. It would ai)pear, therefore, that a
considerable amount of humus is necessary in soils, in order
that they may be materially benefited by sterilization.
The reason that bacteria nuiltiply more and plants grow
much more luxuriantly in sterilized soils is undoubtedly due
to the fact that a larger amount of available material for
plant development is present. Why subsoils and those poor
in organic matter give rise to a greath' inhibited growth is
not so clear at present, and we are not prepared to offer
any explanation of this i)henomenon.
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Seed Selection.
It is a well-known fact that heavy, well-developed seeds
produce more vigorous and more productive plants than
lighter seeds of the same variety. This is altogether a rea-
sonable statement, because the heavy, well-filled seed has the
more perfect embryo, and also has the larger sui)ply of })lant
food on which to support the seedling until the i)lant is
capable of getting its nourishment from the air and soil.
With such crops as wheat, rye and the grasses, the selec-
tion of seed is not of so very great importance, because
usually an overabundance of seeds is planted, and sufficient
seeds develop so that in the natural struggle for existence
in their overcrowded state the weaker and less vis^orous
plants are crowded out and only the more vigorous and
healthy plants reach maturity ; and this number which reaches
maturity represents the maximum number of plants that can
be developed under existing conditions, so that nothing in
the crop is lost by this crowding out of the weaker plants.
On the other hand, with greenhouse, market gardening and
general field or what is known as hoed crops, the conditions
are entirely different. In this case each plant has its full
share of light, heat and space, and a poor, weakly plant is
just so much loss, not only because it occupies a space that
ought to produce a well-developed plant, but also because a
number of undersized, weakly plants in a crop detracts from
the market value of the crop as a whole, and also because
weak plants are more subject to disease, and act as a breed-
ing-place for diseases that may infect the whole crop ; there-
fore, the careful selection of seed becomes an important factor
in growing plants. In the case of large seeds, such as corn,
this selection is comparatively an easy matter. An ear of
corn of the desired type, having kernels of a desimble size
and shape and of full develoi)ment, may be picked out, and
by discarding the poor, undeveloped seeds at either end the
rest of the seeds may be utilized for planting. Here knowl-
edge of the type of seed and judgment only may be relied
upon. Beans, peas, etc., may be selected in much the same
way, with reasonable assurance that the best results will l)c
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obtained. In the ease of such seeds as lettuce, turnip,
cabbage, tobacco and other small seeds this method of sepa-
ration is not practicable, and other methods have to be
resorted to.
From early times the separation of seeds by means of
water has been pmctised to a considerable extent. In this
case the seed is i)laced in a quantity of water, well shaken
and let stand a few minutes, then the seeds which do not
sink are removed, and only those that have sunk used for
planting.
The results of some of our experiments with this method
of sei)ai-ation are given in the tables following.
Table I.— Showing the Bcsults of Genninalion with Onion and Lettuce
Seed separated by the Water Method; 400 Seed,'^ itsed in Karh, or a
Total of 1,000.
Seed.
Per Cent, obbhinatbd of—
Light.
j
Heavy.
i
Per Cent.
Increase of
Genuination
of Heavy
over Light.
38.0 85.0 14-2.5
Onion 50.0 58.5 17.0
44.0 88.0 100.0
08.0 90.0 32.3
Table II. — Showing the Besitlts of Seed Germination and Growth of
Onion Seedlings separated by Water ; 200 Seeds in Karh Lot, or a
Total of 400 used.
Onion.
Per Cent.
of Ger-
mination.
Number
of Plants.
Weight op Plants
(Gbams).
Average
Per Cent,
gained of
Heavy over
Light.Total. Average.
Heavy (sank), .
Light (lloatea), .
42.5
19.5
85
38
18.1
5.9
.213
.155
37.42
-
This method, however, is not entirely satisfactory, because
many of the heavier seeds are buoyed up by air bubliles and
therefore thrown away, and in our work we have noticed
that a few of the undersized seeds also go to the liottoin.
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Many investigators ^ have carried this process still farther,
and separated their seeds by what is known as the specific
gravity method. In this case solutions of salt (sodium
chloride), ammonium nitrate, sodium nitrate, potassium
nitrate and calcium chloride have been used. For this pur-
pose solutions of different specific gravities have been made,
in which the seeds were placed, first in that solution with the
highest specific gravity. The seeds which floated in this
solution were skimmed off and placed in that of the next
highest specific gravity, and so on. It has been found that
by this method seeds of the same variety, of a uniform, sound
condition, differ in specific gravities onlj^ within a very
narrow range. This, however, does not seem to he a very
pmctical plan, as it involves the making of solutions of
tested specific gravity and quite a little mechanical manipu-
lation. Another method, known as the specific gravity
sampling method, is perhaps of less value, as in this case
one lot of seed is compared with others in bulk, without
sei)arating the poor and undeveloped seeds. It amounts
simply to the choosing of the best lot from several samples
of seeds.
The separation of seeds by sieves would seem to be the
easiest and most practical way, and this method with us has
given very good results. We used a series of four sieves,
having round perforations of 2 mm., 1.5 mm., 1 mm., and
.05 mm. respectively. Ten grams of seed were weighed
out and run through this series of sieves, with the following
results : —
Table III. — Hliowimj the llesulis, of sifting Seeds, in which 10 Grams
irere employed.
Number of Sieve. Size of Seed.
Weight in 10
Grains of Seed
(Grams).
Per Cent.
No 1, 1.01.-) lO.l.'i
C.GS'J 66.88
1.800 18.00
No. 4, ..")- .0 mm. 0.4U1 4.91
• Amoiiji; whom may be noted \'. A. Clarko, Now York ((Jeiu'va) Kx]>t'iinuMit
Station, Bulletin No. 25(i.
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Five hundred seeds were then counted out from each of
these four gi-ades or sizes of seeds, with the exception of
No. 4 (J)-.0 mm.), which was composed entirely of chaft',
dirt, etc. These were sown in flats and allowed to ijrow for
four weeks, when the seedlings were taken up, counted and
weighed, Avith the following results : —
Tai!LE IV. — Showing the Re.'iuUs of Germimilion and Growth of Seed-
lings front Three Experiments with Sifted Lettuce Seed; 2,/)(J(f
Seeds used in Each Experiment, making a Total of 4.;'i(fit Seeds
employed.
Size op Seed. Per Cent. Number of
Weight of Seedlings
(Grams).
Average Per
Cent, gained in
Weight of Large
over Small
Seedlings.
genuinated. Seedlings.
Total. Average.
2.0-1.5 mm., . 56.
7
672 347.5 .518 1»8.42
1.5-1.0 nun 53.5 642 2VJ3.7 .457 75.0!>
1.0- .5 mm., . 40.4 485 1-26.3 .261
From this table it will be seen that of the large per
cent, and of the medium 13.1 per cent, more seeds germi-
nated than of the small seeds, and that the four-weeks-old
seedlings from the large seed averaged 98.42 per cent, and
those from the medium seed 75.09 per cent, heavier than
those from the small seed. It will also be noticed that the
differences in the })er cent, of germination and the weight of
seedlings from the large and medium seeds were not verv
great; but the ditference between the germination, and
especially in the weight of seedlings of the larger and small
seeds, is very marked.
We are of the opinion that it would pay a grower to sepa-
rate his lettuce seed with a sieve having a mesh of one
millimeter in diameter (t/o.-, inches), and to use only such
seed as did not pass through a sieve of this size. From
these plants he could make a further selection, as is custom-
ary at the time of transplanting. This would result in
saving considemble ground space which is valuable, and not
onlv would a more viijorous and uniform settini; of lettuce be
obtained, but the treatment would also eliminate many weak
and undesii-able plants, which are more likely to be sus-
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ceptible to disease. In other words, niucli of the selection
would be done more cheaply and easily by sifting the seed
than as it is done at the present time, by selection in the
seed bed. A sieve of the size mentioned can easily be made
by purchasing from almost any tin shop a piece of colander
tin of 1 millimeter mesh, which can very readily be soldered
to a suital)le rim, or even fastened to a tomato can which
has had the bottom removed.
Our experiments in sifting seed have been confined, how-
ever, for the most part to lettuce seed; and, while these
seeds can be separated in this way very easily, much more
difficulty would be experienced in separating some other
types of seed, such as turnip or tobacco ; and another ob-
jection to this method is that the size and weight of seeds do
not necessaril}^ correspond, that is to say, a large seed may
not necessarily be a heavy one. When seeds are separated
by sifting, while the largest size contains practically all of
the heaviest seeds and the lighter seed is practically all in the
small sizes, there will be a few light seeds in the larger size
and a few heavy seeds in the smaller sizes, so that this method
by no means gives an absolute division of the seeds by
weight, which is the ideal method of seed selection.-
Mr. A. D. Shamel of the Connecticut (New Haven) Ex-
periment Station uses a very satisfactory method for the
separation of tobacco seed, which we can do no better than
describe in his own words : —
This seed separator consists of a glass tube 1 inch in diameter
and 5 feet long, and a glass receptacle for holding the seeds,
having the diameter of the long glass tube, and so arranged
with a finely woven wire screen in the bottom as to hold the
seeds in the receptacle, and at the same time freely admit a
current of air directly into the seed. The top of this recep-
tacle is fitted with a coupling into which the long glass tube
can be set and held in place. The current of air is developed
by a common foot bellows and regulated with a valve. The
seed to be separated is poured into the receptacle, usually about
1 to 2 ounces at a time, the glass tube set in place and a cur-
rent of air pumped into tlie seed. The lightest seed and chart*
are first blown out of the tube, and next the small seed. Small
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seed of tlie same character as the larger seed have proportion-
ally more surface than the larger, consequently the small as
well as the light seed is removed by this machine.
This seems to be the most satisfactory way of separating
seed that has yet been devised, and no doubt some simple,
inexpensive instrument modelled from this device will soon
be available for every farmer and seed grower. The partic-
ular advantages of this method seem to be that this device is
adaptable to all kinds of small seeds, the only adjustment
needed being in the regulation of the amount or force of air
sent through, and that by this method the seed is separated
according to weight.
In conclusion, we believe it desirable with many kinds of
garden seeds to separate the seed and discard all except the
large, well-developed, mature and heavy seed, because : —
J^\'rsf. — About 33 per cent, of seeds as placed on the
market consist of dirt, chafl*, and small, undesirable seeds.
Second.— Small or light seeds do not germinate well, and
their seeds produce only poor, small, undesii-able })lants,
which prove inferior in every way.
Third. — Ileav}^ seeds produce healthy, large, well-devel-
oped plants, that Avill give maximum crops.
Fourth. — Seed selection or separation is an inexpensive
process that gives good results.
Asparagus Rust.
The past summer in most parts of Massachusetts has been
an extremely dry one, and especially fiivorable, as Avas earl}^
anticipated, to an early and severe attack of aspamgus rust.
The confinement of the rust, or at least its injurious stage,
to special localities has been the same this season iis in other
years ; in other words, it has been confined to soils espe-
cially coarse, and easily affected by drought.
Since 1896 there have been about three severe outbreaks
of the rust in this State, such outbreaks being identified
with a dry summer, or at least with seasons where there
have existed long periods between rainfalls. The fall or
teleuto stage, however, has been present ever^^ year since
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IMIM), and it has always been widely distributed. Any Ix d
which has become once infected with this sta<;e remains so,
but fortunately the damaire occurrinir from teleutospore in-
fection is insignificant, and in the majority of cases not
discernible. Asparagus rust has now become quite well
distributed over the United States, but its virulence does
not show itself in the same degree for every locality, and
the problem of control is by no means everywhere the same,
since factors enter into the problem which do not possess
the same significance for all locations. In this State rust is
most intimately associated with lack of vigor, and more
j)articularly with those factors which underlie vigor, such
as supply of water and judicious fertilizing. For this reason
the most efficient remedies are based upon those practices
the application of which induce vigor. There are a number
of remedies which can be applied, some of which have given
excellent results. Thorough cultivation and fertilization
in more than one instance have given results which have
proved superior to any other method of treatment. AVe
have observed that the results from weekly cultivation com-
bined with judicious fertilization have proved verj^ satis-
factory. Irrigation has also proved very efiectual during
dry seasons ; but there is possibly a tendency for aspai-agus
to become too succulent with repeated irrigation, which
might possibly render the plant more susceptible to infec-
tion.
We also believe that an efficient practice pertaining to
rust infection consists of burning the old brush in the fall,
since a large number of teleutospores are destroyed, which,
if left remaining in the ground over winter, would germinate
freely in the spring and constitute a dangerous source of
infection. We have repeatedly attempted to germinate
teleutospores in the early winter, but failed. They will
germinate freely in ^Vlarch, however. ^Moreover, the roots
from infested plants, when transplanted in the greenhouse
in the fall and left there for a year and allowed to develop
tops, have never shown any tendency to rust. This would
seem to indicate that not only is a resting period essential,
as is usually the case for spores, but freezing also is essen-
tial. We are of the opinion that most beds are infected in
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this State by teleiito.S[)ores during the spring and sunnnor,
and that the mycelium works up through the stem ; and if
the conditions for the plant are unfavorable, pustules bear-
ing uredospores will break out in elulj or August, whereas,
if the conditions for the plant are favorable, pustules bearing
teleutos})ores will make their appearance during September
or later.
In case uredospores break out in the plant during July
and August, other beds in the vicinity, if in suitable condi-
tion, Avill invariably become infected. If, however, the croj)
is in a vigorous condition, even if located close by, it will
resist the outbreak of the rust. This, indeed, has occurred
many times in beds side by side, although of dillerent age
and vigor, and in the case of those beds more or less remote it
may ])e stated that there are hundreds which have never had
any uredo outbreak.
We observed a 3'oung bed of asparagus the past sunmier,
about two years old, which had never been cut, and which
had a teleutospore outbreak early in July. This bed suf-
fered much from drought, and was not in an especially
vigorous condition. It was, however, located on soil of
tine texture, intermingled with coarse pebbles. There was
little inclination for the plants of this bed to grow worse,
notwithstanding the fact that drought prevailed, and it re-
mained in practically the same condition all summer. On
dry soil this never occurs, since it is the uredo stage that
makes its appearance in these soils in July and August
;
and plants infected with this stage turn brown in a short
time after they become infected. Moreover, the teleuto-
spore outbreak occurring in summer is a perfectly harmless
factor, as far as immediate infecting of the bed is concerned.
Our studies of the rust problem have shown that there is an
intimate connection existing between the texture and water
contents of soils and uredospore outbreaks, and a series of
water determinations of ditierent soils during the season
would probably bring out some interesting facts.
Spmying with Bordeaux mixture has not proved satis-
factory in this State as a means of controlling the rust, and
little or no use is now made of it for this purpose.
Some reports have been made concerning the use of the
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suli)hur wash s})ray recoiniiKMided by Prof. R. K. Smith,
formerly of this station. This mixture, which consists of
sulphur, soap, potash and w^ater, [)ossesses remarkable stick-
ing qualities, and it is undoubtedly the most efficient mix-
ture recommended for spray ing for asi)aragus rust.
An Applicatiox of the Copper Sulfate Treatment.
Early in the summer the college pond became so overrun
with Algie as to be unsightly, and the smell of this decay-
ing vegetable matter w^as so unpleasant that it became neces-
sary to treat it.
Microscopic examinations of the water showed that it
contained a considerable amount of short suspended fila-
ments, of a slightly whitish or greenish color, which proved
to be Anahcena Jlos-aquce, a form of Algce found frequently
in public water supplies, and which gives rise to consider-
able trouble. The water content of the pond was roughly
determined, and then treated with 1 part of copper sulfate
to 4,000,000 parts of water. The required amount of copper
sulfate was placed in a loosely woven sack and hung over
the stern of a canoe, which was paddled around the pond in
concentric circles for about one-half an hour, when all the
copper sulfate was dissolved. This is the method recom-
mended by Drs. Moore and Kellerman in their work on
treating reservoirs with copper sulfate. A careful exami-
nation of samples taken twenty-four hours after treatment
showed a slight decrease in Anabcena, and in two or three
days it had practicall}^ disappeared.
Spirogyra^ which was present along the shores near the
inlet at the time of treatment, was not affected, and subse-
(juently a number of large clumps were found in a flourish-
ing condition in different parts of the pond, and many forms
of Algie, such as Desmids and Diatams, appeared not to be
in the least affected by the treatment. Neither did the
animal life seem to be affected in any way by the treatment,
as no ill eflfects could be noted on the fish, frogs, tadpoles or
other fauna inhabitini? the water.
Of the Protozoa, the Cerafium was very numerous both
before and after treatment, and was in no wise aflfected by
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th(3 copper. Daphna^ a form of Crustacea, wa.s also plenti-
ful, and experienced no ill effects from the copper treat-
ment.
From day to day the bacterial contents of the water were
determined, with the results shown in the following table :—
Copper Sulfate Test on Massdchusctls A(jri( Hllnral Collrgc Pond Wato
Date or taking Samplb.
Number of Bacteria
per Cubic Centimeter
of Water.
1905
.lunc 17 (one hour after treatment)
June 19
.1 line 20
June 21,
June 22
June 23
June 24,
June 25,
June 26
June 27,
June 28,
June 29
June 30,
July 1,
July 3,
Sept. 16,
Sept. 17
Sept. 18,
Sept. 19,
6,224
3,463
219
336
I.-tSS
1,187
538
1,144
1,399
1,144
616
763
1,145
1,078
1,078
990
1,017
From this table it will be seen that the bacteria decreased
very rai)idly for the first few days after treatment, and, while
they slowly increased again, they never reached their former
numbers. The results obtained on June 24, 28 and 29 may
be attributed to an unusually clear or settled state of the water
on those days, while when the other sam})les were taken the
water was considerably agitated, either from the effects of
min or wind.
A second treatment was contemplated in September for the
i
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purpose of studying the effects of copper sultktc on bacteria;
but as the bacteria showed no appreciable increase at this
time, we tliought it not worth while to inaugurate another
experiment. Samples of water taken one hour and twenty-
four hours after treatment were tested for copper by the foods
and feeding department of the station
;
and, while possible
traces of the copper were found, they were so small and un-
certain that no copper could be reported. In these tests the
ferrocyanide method was employed, which in numerous other
cases has failed to give reliable results where such small quan-
tities of copper are present.
At the time these chemical tests were being made for cop-
per there came to our notice a test described and recommended
by Dr. Ewerts,i which claimed to detect one part of copper
in 30,000,000 parts of water. This test is based on the in-
hibiting action of copper to diastatic action. This method
was given a trial in the foods and feeding chemical laboratory,
and found to be unsatisfactory. Quite likely, however, a
detailed study of this latter method, together with some
practice, will prove it to be of some value.
The result of this single experiment with copper sulfate
in treatintr the coUeore reservoir is not sufficient in itself to
allow deductions of great value. They corroborate, however,
the experiments made by Messrs. Moore and Kellerman on
the Belchertown reservoir, and those made elsewhere, in
showing that Anahoina is extremely susceptible to copi)er,
and can readily be killed by this method of treatment.
Moreover, the general clearing up and rapid disappearance
of odor from the water two or three days after treatment,
together with the falling off of bacteria, was quite noticeable.
It should be stated, however, that there was a foil of about
20^ in the temperature on the third da}^ after treatment,
which would have a tendency to affect Analmna ; and about
one and one-half inches of rain fell between the 19th and
24th of June.
i Ztschr, Prianzeukrank, Bd. XIV., 3 Heft., p. 133.
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A Comparison of the Numbers of Bacteria in Sterilized
AND UnSTERILIZED SoILS.
BY A.' VINCENT OSMUN.
There has been repeated inquiry as to the effect steriliza-
tion of soil has upon its bacterial flora. In the absence of
any reliable experiments touching upon this question, it has
frequently been assumed that by soil sterilization the bac-
teria, and especially the beneficial ones, are destroyed, hence
injuring the soil. In regard to this question, it may be
stated that little is known a])()ut either the so-called bene-
ficial or injurious bacteria of greenhouse soils; and, in con-
sequence of a paucity of knowledge upon this i)hase of (he
subject, positive statements are out of place. From what is
already known about the effects of soil sterilization upon
plant growth and the changes which such soil undergoes, it
might be assumed upon a i)riori grounds that soil bacteria
would be found to exist more abundantly in sterilized soil
than in unsterilized soil. Moreover, it must be borne in
mind that absolute sterilization is never accomplished, but
something more closely approaching pasteurization takes
place. All bacteria are by no means killed, as has been
shown by various tests made at this station. ^ Subjecting
soils to steam heat has a marked stimulating effect on the
growth of plants. Observations at this station and experi-
ence of growers have shown this to be true. Just why
this treatment of soil should stimulate the growth of plants
is not known. Sorauer^ suggests that steam heat makes the
humus compounds more available to i)lants. It is not un-
likely that steam flowing through a soil also improves its
mechanical condition.
The stimulating eflect of soil sterilization on i)lant growth
suggested a similar eflect on the bacterical content of soil so
treated ; and in order to obtain more evidence regarding
this point this ex})eriment was })lanned : —
Two boxes about 20 inches S(|uare and *J inches deep and
of equal weights were filled to the depth of about ') inches
^ Hatch Experiment Station, Massachusetts Report, 1902, pp. 77, 78.
* Sorauer, The Physiology of Phmts, pp. 45, 46.
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with equal amounts hy weight of soil from the «iii)i)lv bin of
the station greenhouse. Before filling the boxes a (juantity
of soil from the bin was thoroughly mixed, and the boxes
filled from that, so that the soils in thi' two ])()xes were as
nearly alike as possible. The soil in one; box was treated
for half an hour Avith flowing steam applied through i)er-
foratcd tubes bui'ied beneath the surface ; the soil in tlui
other box was untreated. One week after sterilization a
sample was taken from each box for the determination of the
numbers of bacteria in the soil, after which the boxes were
placed on a platform scale and brought to equal \veights with
water. AVater was similarly applied ever}^ day during the
experiment, and the soil always contained from 17 to 20 i)er
cent, moisture. Samples for the determination of the quan-
titative bacterial content of these soils were taken at inter-
vals of about two weeks. The soil was frequently stirred,
and at the times of sampling the entire contents of each box
were thoroughh^ mixed and pulverized.
The results of this experiment are tabulated in the accom-
panying table : —
Shoicimj the Relative Number of Bdcterid in Sterilized and Uusteril-
ized Loam.
Date of taking Sample.
Number of
OF
Bacteria per Gram
Dry Soil.
Sterilized. Uusterilized.
]!>05.
(i,74-2,()()() 5(>,'278,()()0
April 18, (U,.VJ(),0(»0 3;),0SO,0(M)
May 1, H(),089,0<X) 31,372,(X»0
2y,iMi3,0()0 S,0-2!»,(MM)
June 1, 2r,,H(5(;,oo() 14,(«4,0()0
The fiijures in this table show that steam flowinij: tlirouiih
soil for half an hour not only does not kill all the l)acteria
in that soil, but that it seems to act as a stimulus, causing
rapid mutiplication of numbers. Practically all vegetative
forms Avould be killed, but most spores would be uninjured,
and, given favorable conditions after treating, would germi-
nate. One week after sterilization the treated soil contained
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nearly 7,000,000 })actcria per gram. This number is prob-
ably considerably in excess of the number in the same soil
immediately after sterilization, but it indicates that treating
soil with live steam at about 210^ F. for half an hour does
not kill all the bacteria in that soil. The untreated soil con-
tained a good number of bacteria at the beginning, — about
56,000,000.
During the four weeks immediately after the first sami)les
were tiiken there was a phenomenal increase in the numbei-
of bacteria in the sterilized soil. From 7,000,000 per gram
at the beginning the number had advanced to nearly (if),-
000,000 at the end of two weeks, and after four weeks to
over 66,000,000. On the other hand, the number in the un-
treated soil showed a steady decrease, for which no cause i>
at present apparent.
After six Aveeks the numbers of bacteria in both sterilized
and unsterilized soils had dropped way below the number^
found at the end of four weeks. During the next two weeks
the sterilized soil continued to drop off, though not to any
great extent, while the unsterilized soil advanced.
At this point it became necessary to discontinue the taking
of samples because of the press of other work.
We are unable to account for the decrease in numbers of
bacteria in either sterilized or unsterilized soil. A similar
decrease in numbers of bacteria has been noted in other ex-
periments in the greenhouse in which unsterilized soil Avas
used. The temporary increase in numbers in the sterilized
soil may be attributed to the stimulus given by the steam
heat ; and it appears also that sterilization had a tendency to
overcome, for a time at least, the antagonistic agency or
agencies which caused the decrease in the unsterilized soil.
More extended experiments and observations are necessary
before definite conclusions can be reached regarding the elfect
of so-called sterilization on the bacterial contents of soils ; but
from the results obtained in this experiment and from tests
of other soils, both sterilized and unsterilized, we may con-
clude that steam treatment of soils greatly stimulates bacterial
development in them, and that if cerUiin as yet unknown ad-
verse conditions can be removed, the high numbers may be
retained indefinitely.
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REPORT OF THE ENTOMOLOGISTS.
C. II. FEUNALl), II. T. FERNALl).
The year 1905 has been marked by a great abundance of
insects of many kinds, while the two years preceding were
equally marked by their scarcity. To this fact is i)ro!)ably
due the large increase in the amount of corres})ondence the
present year, nearly two thousand letters having been sent
out, besides an unrecorded amount of printed matter, in an-
swer to questions received.
Investigations as to the number of broods and times of
appearance of the codling moth and oyster-shell scale have
been continued during the season, and should be repeated for
several years to come, that reliable date averages may be
obtained, and thus the best times for the treatment of these
insects be ascertained.
Several private insecticides have been more or less tested
and the results noted, statements of these having been sup-
plied in each case to the persons sending the materials.
While some of these substances were shown to have a cer-
tain value for the destruction of insects, it was noticeable that
they were no more etfective than well-known insecticides
costing less, or that they were injurious to the foliage of the
plants they Avere tested on. In fact, none of the materials
tested at this station during the year can be considered as
adding anything of value to our present list of standard in-
secticides, though it has taken considerable time from other
work to establish these negative results.
The collections of the division have, as usual, been given
the needed care and have been added quite considerably to
during the year, Avhile additional facts as to the distribution
of insect pests in Massachusetts and their habits have been
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gathered and recorded. The card catalogue has. been kept
j
abreast of the new publications and improved in many ways,
I
and requests for the information it contains are frequently
received from other stations and from individuals.
Some study has been given to the carnation twitter, and I
the identity of the insect causing this trouble has been ascer-
j
tained with considerable though not absolute certainty. '
Further investigations on this subject will be made during
the coming year if material to study can be obtained.
j
Special researches have also ])een contiimed on the Asilidtv '
or robber flies ; the Pyralida?, a group including many very '\
injurious insects ; the Bombiniv or bumble bees and their
habits ; and on the Sphecidiu or digger wasi)s, these studies
being of the entire groups ; while a Cecidomyiid on oak, tlu;
stalk borer and sevei-al other species have received special
attention individually.
The erection of a new greenhouse during the summer has
greatly improved the facilities of the division for entomo-
logical research, besides being an excellent example of modern
greenhouse construction. With a house which is reasonably
tight and which can be kept warm during the winter it has
been possible to begin a series of experiments to determine
the resistant power of various forcing crops to fumigtition.
The business of raising crops under glass in Massachusetts
is a very large one, and in too many places is greatly inter-
fered with by the presence of insects which can only be con-
trolled by fumigat ion with In^drocyanic acid gas. The strength
of fumigation necessary to destroy these insects is now well
known in most cases, but the charge which the plants can
resist under all conditions of growth is not ; and many an
owner has refused to fumigate a badly infested house for fear
of killing his plants along with the insects. From the ex-
periments now under way, and which it will require several
years to complete, it is believed that data can be obtained of
such a nature that any })erson who desires to treat a green-
house will be able to do so with entire safety to the plants,
and yet kill the insects which may be present.
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Insects of the Yeau.
The present year has been favorable for the ra[)id inerease
of insects in Massachusetts, and, though no one si)eeies has
been present in overwhelming al)undance, each has done its
part in attacking crops of all kinds.
The San .lose scale is as abundant as it has ever been in
the State, and is spreading farther each year. AVhere its
presence is neglected it makes itself speedily felt ; but with
the methods we now have for its control there is no reason
why it should be more than a nuisance in the futiu-e, requir-
ing treatment every two or three years, like any of our other
pests.
Cutworms and wire worms have given nmch trouble, i)ar-
ticularly in the eastern and central portions of the State,
while l)ut little has been heard of root maggots this season.
The army worm has caused considerable injury locally- on
some of the cranberry bogs and elsewhere in southeastern
Massachusetts, and in the central and western parts of the
State the moths of this pest have been more abundant than
for some time. It has now been nearly ten years since the
last outbreak of this insect, and it is not unlikely that another
may be due before long, if unknown factors do not develop
to prevent it.
Inquiries about insects have covered a wider range than
usual, but the most numerous questions have been about sev-
eral species of scale insects, plant lice of ditFerent kinds, red
spiders, borers, datanas, the bean weevil and the red-humped
apple-tree caterpillar.
Since the Legislature placed the work on the gypsy and
brown-tail moths in the hands of a special commission, no
particular attention has been given them here ; but some facts
observed in connection with their distribution are here noted,
as they have been gathered by members of the station. A
few tents of the brown-tail moth Avere observed in Amherst
last spring and others were received from Martha's Vineyard,
while several were found on Nantucket last fall, showing that
this insect is widely distributed over the State. Several
cases have also been reported to the station of the presence
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of the gypsy moth outside of the territory originally occu-
pied by it, and these observations have been confirmed by
inspectors of the Gypsy Moth Commission. That this insect
is now rapidly spreading there can be no doubt, and it is too
probable that the entire State will before long be infested by
these two insects, which are among the worst enemies to man
which occur in the United States.
APPENDIX.

COMPILATIOX OF ANALYSES OF AcilllCULTUrtAL
Chemicals, Refuse Salts, Ashes, Llme Com-
pounds, Refuse Substances, Guanos, Phos-
phates AND Animal Excrements.
II. 1). IIASKIXS.
. Chemicals, refuse salts, etc.
. Ashes, marls, lime compounds, etc.
. Refuse substances.
. Guanos, phosphates, etc.
. Animal excrement, etc.
. Average per cents, of the different ingredients found in the
preceding compilation of analyses, calculated to pounds
per ton of 2,000 pounds.
1868 to 1905.
This compilation docs not include the analyses made of
licensed fertilizers. They are to be found in the ditferent
bulletins and annual reports of the State insi)ector of ferti-
lizers from 1873 to 1895, which are contained in the re-
l)orts of the secretary of the Massachusetts State Board of
Agriculture for these years, and in the bulletins of the di-
vision of chemistry of the Hatch Experiment Station of the
Massachusetts Agricultural College since March, 1895.
No valuation is stated in this compilation, as the basis of
valuation changes from year to year.
In the following compilation of analyses of agricultui-al
chemicals, refuse materials, manurial substances, etc., the
signification of the star (*) prefixed to the name of the
substance is that the compilation is made up of anal3^ses
subse(iuent to the year 1897. It was believed tliat a com-
pilation made up of more recent analyses would more nearly
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represent the present geneitil chemical chai-acter of the sub-
stances, and would therefore be of more practical ^^alue.
It must be understood that the chemical character of many
of the refuse substances used for manurial purposes is con-
stantly undergoing changes, due to frequent variations in the
parent industry.
As a mle, in all succeeding analyses the essential con-
stituents are determined and stated ; blanks do not imply
the absence of the non-essentials.
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Compilation of Analyses of Fruits, Garden
Crops and Insecticides.
H. D. HASKINS.
1. Analyses of fruits.
2. Analyses of garden crops.
3. Relative proportions of phosphoric acid, potassium oxide
and nitrogen in fruits and garden crops.
4. Analyses of insecticides.
The results of chemical analyses of twenty prominent gar-
den crops (green) show the following avemge composition,
expressed in parts per thousand :—
Nitrogen, . . . . . . . . 4.1
Potassium oxide, . . . . . . . 3.9
Phosphoric acid, . . . . . . 1.9
A computation of the results of the above analyses of
green garden vegetables shows the following relative pro-
portion of the three essential ingredients of plant food :—
Nitrogen, 2.2
Potassium oxide, . . . . . . . 2.0
Phosphoric acid, . . . . . . 1.0
The weight and particular stage of growth of the vege-
tables when harvested control, under otherwise corresponding
conditions, the actual consumption of each of these articles
of plant food. Our information regarding these points is
still too fragmentary to enable a more detailed statement
here beyond relative proportions. It must suffice for the
present to call attention to the fact that a libeml manuring
within reasonable limits pays, as a rule, better than a scanty
one. (C. A. Goessmann.)
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Many of the foregoing analyses were compiled from the
tables of E. Wolff. Those marked with a star (*) arc from
analyses made at the ^lassachusctts State Agricultural Ex-
periment Station, Amherst, Mass., and since 1895, at the
chemical division of the Hatch Experiment Station of the
Massachusetts Agricultural College.
3. Relative Proportions of Phosphoric Ann, Potassium Oxide
AND Xitk(k;en in Fki its and (Iakden CltOl'S.
Phosphoric
Acid.
Potassium
Oxide.
Nitrogen.
Fruits.
Ericaceio : —
* Cr;iii berries,.... O.U
* Cranberries,....
Rosaeeie :—
Apples, .... 2.7 2.0
* Apples, .... 1 oi.y 1.3
* Peaches, .... 1 ..3
Pears, ..... o.b 1.2
Strawl)erries, 1 1.4
* Strawberries, 2.6
* Strawberry vines, . .7
Cherries, .... 3.3
I'lums,..... 4.3
Saxifragjurea; : —
* Currants, wliite. 2.8
* Currants, red. 2.1
Gooseberries, 1.9
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3. Relative Proportions of Phosphoric Acid, etc., in Fruits
AND Garden Crops— Coiitimicd.
Phosphoric
Acid.
Potassium
Oxide.
Nitrogen.
Viticetu : —
Grapes, .... 1 3.6 1.2
Grape seed, .... 1 1.0 2.7
Garden Crojys.
Chenopodiacea) : —
Mangolds, .... 6.0 2.3
* Mangolds, .... 4.2 2.1
JSIangold leaves, . •i.5 3.0
Sugar beets,.... 4.2 1.8
* Sugar beets,.... 4.8 2.2
Sugar beet tops, 2.3 1.7
Sugar beet leaves. 5.7 4.3
Sugar beet seed, 1.5
* Red beets, .... 1 4.1 3.3
Spinach, .... 1 1.7 3.1
* Spinach, .... 1 19.2 6.8
Compositi\3 : —
Lettuce, common, . 5.3
Head lettuce, 3.9 2.2
* Head lettuce, 7.7 4.0
Roman lettuce, 2.3 1.8
Artichoke, .... .63
* Artichoke, Jeiiisalem, . 2.8 2.7
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3. Relative Proportions of Phosphoric Acid, etc., in Fruits
AND Garden Crops— Continued.
Phosphoric
Acid.
Potaasium
Oxide.
Nitrogen.
Convolvulaceaj : —
Sweet potato, 1 4.6 3.0
Crucifera) :—
White turnips, 3.6 2.3
* White turnips. 3.9 1.8
White turnip leaves, 3.1 3.3
* Ruta-bagas, .... 4.1 1.6
Savoy eabbage, 1.9 2.5
White eabbage, 4.1 1.7
* White cabbage, 11.0 7.6
Cabbage leaves, . 4.1 1.7
Cauliflower, .... J..) OZ.D
Horse-radish, 3.9 2.2
Radishes, .... 3.2 3.8
Kohlrabi, .... 1 1.6 1.8
Cucurbitaccju : —
Cucumbers, .... 1 2.0 1.3
Pumpkins, .... .6 .7
Gramincie : —
Corn, whole plant, green. 3.7 1.9
* Corn, whole plant, green. 2.2 2.8
Corn, kernels. .6 2.8
* Corn, kernels. .6 2.6
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3. Relative Proportions of Phosphoric Acid, etc., in Fruits
AND Garden Crops— Continued.
Phosphoric
Acid.
Potassium
Oxide.
Nitrogen.
Graminese— Con.
* Com, whole cars, . 1 .8 2.5
* Corn, stover, 1 4.4 3.7
Leguininosa3 : —
•
Hay of peas, cut green. 3.4 3.4
* Cow-pea (Dolichos), green, . 3.1 2.9
Small pea (Lalhyrtis sylrcs-
tris), dry.
Peas, seed, ....
3.4
1.2
4.2
4.3
Pea straw, .... 2.8 4.0
Garden beans, seed, 1.2 4.0
Bean straw, .... 3.3
* Velvet beans, kernel, 1.7 4.0
* Velvet beans, with pod. l.oG 2.3
* Leaves and stems of velvet
beans.
-
_ _
Liliacea? :—
* Asparagus, .... 1i o . uo 3.0G
Asparagus, .... 1 1.3 3.G
Onions, .... 1 1.9 2.1
* Onions, .... 1 2.G _
Sohmaoea? : —
Potatoes, . . . • 1 3.G 2.1
* Potatoes, .... 1 4.1 3.0
Potato tops, nearly ripe. 1 2.7 3.1
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3. Relative Proportions of Phosphoric Acid, etc., in Fruits
AND Garden Crops— Concluded.
PliOBplionc
Acid.
PotftSBiuni
Oxide.
Nitrogen.
Solanacese— Con.
Potato tops, unri{)e, 1 3.7 5.3
* Tomatoes, .... 1 8.7 4.5
Tobacco leaves, G.2 5.3
* Tobacco, Avhole leaf. 13.4G 5.65
Tobacco stalks. 3.1 2.7
* Tobacco stems, 10.7 3.8
Umbelliferne : —
Carrots, .... 1 2.7 2.0
* Carrots, .... 1 5.7 1.7
Carrot tops, .... 2.9 5.1
Carrot toi)s, dry, . 8.0 5.1
Parsnips, .... 3.8 2.8
* Parsnips, .... 3.3 1.2
Celer3^ .... 3.5 1.1
IIKX;.] PUBLIC DOCUMENT— No.
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Average
of
twenty
analyses,
Paris
green,
.
Average
of
four
analyses,
"
Lion
brand,
new-process
Paris
green."
Average
of
fourteen
analyses
of
Paris
green
collected
in
the
general
markets
in
1900-01.
Green
arsenoid
(copper
arsenite),
....
White
arsenoid
(barium
arsenite)
Laurel
green
liug
death,
.
Professor
De
Graff's
carpet
bug
destroyer.
Oriental
fertilizer
and
bug
destroyer,
....
Non-poisonous
potato
bug
destroyer,
....
Tobacco
liquor,
Tobacco
liquor,
Hellebore,
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Compilation of Analyses of Fodder Articles
AND Dairy Products, made at Amherst,
Mass., 1808-1905.^
E, B. HOLLAND AND P. II. SmTH.
A. Composition akd Digestibility of Fodder Articles.
I. — Green fodders.
(a) Meadow grasses and millets.
(h) Cereal fodders.
(c) Legumes.
(d) Mixed and miscellaneous,
n.— Silage.
ni. — Hay and dry, coarse fodders.
(a) Meadow grasses and millets.
(b) Cereal fodders.
(c) Legumes.
(d) Straw.
(c) Mixed and miscellaneous.
IV. — Vegetables, fruits, etc.
V. — Concentrated feeds.
(a) Protein.
{b) Starchy.
(c) Poultry.
VI. — Dairy products.
B. Fertilizer Ingredients of Fodder Articles. (For
classification, see A and C.)
C. Analyses of Dairy Products.
1 Part III. of the report of Department of Foods and Feeding.
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B. Fertilizeh Inguedients of Fodder Articles.'
[Figures equal percentages or pounds in 100.]
° i
»
a i
"S Nitr 1
I. — Green Fo»)I>ers.
(a) Meadofr fir<isi*esi and Millets.
Orchard {rrass 4 70 0.43 o.5<; 0.13
Millet 1 80 0.29 0.43 o.n
3 80 0..30 0.67 0.10
Hungarian grass SO 0.30 0.42 0.12
ST) 0.:i3 0.22 0.10
(/*) Ceretd Fodders.
n 80 0.39 0.30 0.13
Oats, ......... 8 75 0.72 O.-V. 0.19
2 7r> 0.27 0.57 0.11
(c) Legumes.
4 80 0.44 0.31 0.11
1 8.5 0.41 0.21 0.05
1 80 0.57 0.55 0.13
Soy l>ean (nietlium green), average, . 14 80 o.r4 0.53 0.14
Soy bean (medium green), in bud, . 1 80 0.06 0..58 0.15
Soy bean (medium green), in l»lo8som. 5 80 0.04 O.CO 0.13
Soy bean (medium green), in pod, . 7 78 0.72 0..52 0.17
So J' bean (medium l)laok), 1 80 0.70 0.50 0.16
1 80 O.fiO 0.08 0.14
6 80 0.53 0.50 0.15
3 80 0.50 0.272 0.12
10 SO 0.52 0.57 0.11
Medium red clover, in bud, SO 0.58 0.71 0.13
Medium red clover, in blossom,.... 3 7l> 0.51 0..58 0.12
2 75 O.Cl 0.R5 0.13
1 80 0.4;^ 0.40 0.12
1 85 0.45 0.20 0.ft5
1 85 0.40 0.44 0.09
1 Many of tliese analyses were made in earlier years by the Massachusetts State
Exi)eriment Station. Tlio percentages of tiie several ingredients will vary considerably,
depending ui)on the feitility of the soil, and especially upon the stage of growth of the
plant. In the majority of cases the number of sami)les analyzed is too few to give
a fair average. The figures, there ft)re, must be regarded as close approximations,
rather than as representing absolutely the exact fertilizing ingredients of the different
materials. (.T. Ti. L.)
8 Evidently below normal.
B. Fertilizer Ingredients of Fodder Articles— Contijined.
Number
of
Analyses.
Water.
a
1
1
o
I. — Green Fodders— Com.
(i') Let/limes— Con.
Canada field peas, average, g 85 0..-.0 0.3S 0.12
o 8.') O.fiO 0.44 0.11
2 87 0.45 0.32 O.ll
o 84 0.52 0..37 0.13
S.'i 0.45 0.47 0.12
4 85 0.40 0.47 0.12
85 0.49 0.47 0.12
1 85 0.75 0.32 0.10
Small pea J 85 0.40 0.31 0.09
0.(;8 0.57 0.20
o 85 o.:ic 0.37 0.12
Sulla, 2 75 0.«kS 0.58 0.12
J 8.') 0..% 0.45 0.10
Hairy or saud vetch, average 0.55 O.Cil 0.13
Hairy or sand vetch, in bud, .... 2 SO 0.52 0.54 0.12
Hairy or sand vetch, in blossom. 82 0.C5 0.57 0.16
0.44 0.28 0.08
Average for legumes 0..53 0.44 0.12
(d) Mixed and ^^iscella)teo^is.
80 0..30 1 o.;w 0.14
2 83 0.21 0.12 0.02
1 80 0.69 1.08 0.13
1 87 0..'i7 0.76 0.12
Common buckwheat, 1 85 0.44 0.54 0.09
Japanese buckwheat 85 0.26 0.53 0.14
Silver-hull buckwheat, 11 85 0.29 0..39 0.14
1 85 0.34 0.78 0.10
Sorghum, 8 80 0.26 0.29 0.11
1 70 0.47 1.18 0.06
IT. — Silage.
7 SO 0.42 0.39 0.13
Corn and soy bean, 1 76 0.65 0.36 0.;i5 2
3 74 0.26 0.62 0.14
5 71) 0.42 0.44 0.11
1 Too low; 0.43 nearer correct. - Evidently too high.
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B. Fertilizer Ingredients of Fodder Articles— Continued.
o
s o
II 1 1 1
Rnhspn
III. — II AY' AND Dry Coarse Fodders.
(a) Meadow Grasses and Millets.
qo 1 1 1 Oil 2.S8 0.43
1I 14 1 ou 0.52
14 1 i*> 1 ia 0.53
Kentucky l)liic-^rtiB8, 2 14 1 .20 1 .1)4 0.39
g 14 0.93 1 .98 0.37
Orclifird grii^s 4 14 1 .23 1 .60 0.38
2 1 1- 1.16 1 .4 1 0..53
RprI tnit 14 1 .07 0.95 0.33
Timothy 14 1 .20 1 !•>J .4^ 0.33
En^lisli litiy (mixed ^Vtisso8)i . , « . 14 1 .34 1 .61 0.32
14 1.72 1.58 0.48
1 16 1.06 0.87 0.19
Fox grass, 1 16 1.18 0.95 0.18
Salt liav (variety uncortaiii),
. . . . 1 Ifi 1.05 0.64 0.23
(/>) Cereal Fodders.
17 40 0.6<» 0.J« 0.20
Corn stover, very dry, 17 20 0.92 1.22 0.26
Oats, :j 15 2.45
»
1.90 0.65
(c) Leffnines.
Alsike clover, G 15 2.26 2.10 0.63
Mammoth red clover, 3 15 2.14 1.16 2 0.52
10 15 2.21 2.42 0.47
(rf) .S7m/r.
2 15 0.95 2.03 0.19
1 15 0.69 1.04 0.25
Millet 1 15 o.ns 1.73 0.18
(e) Mired and Afisn lhuicDns.
4 11 1.29 3 1.27 O.W)
Broom corn waste (stalks), .... ] 10 0.87 1 .87 0.47
1 12 0.54 1 .37 0.16
1 15 0.61 o.5<; 0.07
1 15 0.26 1.18 0.41
IV.— Vkgetablks, Fkuits, etc.
o 78 0.12 0.17 0.01
1 78 0.46 0.48 0.17
1 Too high; 1.90 nearer correct. s Too low; 1.80 nearer correct.
2 Evidently lidow iiui inril.
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B. Fektimzkk In(;kki)IKNTs ok Foddeu Articlks— dnUuiuul.
$
*ir
s
u
a
«
JS
%< •s 33o
u
Oi
I v.— Vegetables, Fkl it.s, etc. — C'u«.
liccts red • g 88.0 0.24 0.44 0.09
Sii^ur l)cots, •••••••• 4 86.0 0.24 . .">2 O.ll
Yellow fodder beetB ...... 1 8tK0 0.2:^ ().5<) 0.11
]M;iujjoldB . . 88.0 0.15 0.li4 0.14
C'JirrotH ......... 3 89.0 0.16 0.46 0.09
CranberricH, ........ 1 89.0 0.08 0.10 03
1 80.0 0.22 0.6-2 0.19
J'oUitocs 5 80.0 0.29 0..51 0.08
Japaneee radish, 1 93.0 0.08 0.40 0.05
4 90.0 0.17 0.38 0.12
lluta-ljHgas, 3 89.0 0.19 0.49 0.12
V.— CONCENTKATED FEEDS,
(«) Protein.
Hcd adzinki bcaii ....... ^ 14.0 3.27 1.55 0.95
White adziiiki Ijeaii ...... 1 14.0 3.45 1.53 1.00
Saddle bean 1 14.0 2.08 2.0'J 1.49
3 14.0 5.61 2.12 1.82
Blood meal (Armour''^) . 11.0 13.55 0.18 0.26
Brewer's dried grains,...... 2 8.0 3.68 0.86 1.06
Cottoii-seed meal, ....... 130 7.0 7.16 2.01 2.86
20 8.0 4.50 0.31 0.61
Gluten feed, . . . '
. . . . 72 8.5 4.17 0.37 0.72
46 9.5 5.87 0.21 0..i5
J^iiisecd meal (new proeeHt^^, .... 21 9.0 5.97 1.42 1.79
JJIIIO^^CVI Ill\^4ll ^\JJl.l 1^1 i^V^l^DOy ,..... 43 8.5 5.32 1.29
]Malt sprouts 12 11.0 4.32 2.00 1.56
XJlUlfJ D VlclllJ' ...... 10.0 2.94 1.67 2.07
Sucrene feed . • . 1 10.0 2.62 2.08 0.55
Tefi meal • . . 1 10.0 3.04 0.98 1.81
1 8.0 7.84 1..54 1.27
1 8.0 3.04 0..18 1.02
11 11.0 2.3<5 1.08 1.60
Wheat middlings (Hour) ;« 10. 3.16 1.05 1.66
Wheat middlings (standard), . . . . 10. 2.1>2 1.28 2.04
Wlieat mixed feed, 2-2:^ 10.0 2.76 1.43 2.57
10.0 2.63 1.40 ....
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B. Fertilizer Ingredients of Fodder Articles— Cotichcdcd.
Number
of
Analyses.
1
1
Nitrogen. s
_u
'E
o
x'o
2 <
K.
V. — Concentrated Feeds— Con.
(6) Starchy.
1 13.0 L.'iG 0..34 0.66
1 12.0 0.4'J 0.52 0.07
1 7.0 2.30 o.t« 1..M
y 0..V2 ().(« 0.(N)
Corn and co\) meal 11.0 l.:w 0.46 0..'K)
11.0 1..S2 0.40 0.70
3 14.0 l.l>2 0.34 0.71
Corn and oatl'eed (Victor), '2 10.0 l.;i8 0.61 0.50
Corn, oat and barley feed (.Scliumaclu'rs), 1 8.0 1.80 0.6:1 o.8;i
3 11.0 0.75 1.08 0.18
41) 11.0 l.GO 0.78 1.2.5
•2 1-2.0 2.(M) 0.45 O.'kl
Japanese millet seed, 1 12.0 i.rxs 0.;i5 0.63
Molasses (Porto Rico) 1 24.0 o.."»l 3.68 0.12
1 J<.0 1.60 1.47 (».16
1 11.0 2.05 - -
14 7.0 1.26 0.75 0.48
Oat feed (low grade), 1.') 7.0 0.S8 0.70 0.3;')
10. 1 .46 0.70 0.23
1 13.0 0.80 0.48 0.13
1 11.0 1.42 o.8:i 1.70
1 11.0 1.87 0.82 1.28
1 13.0 2.26 0.51 0.83
- 12.0 2.02 0.3(5 0.35
(c) I'oiiUri/.
J H.O 2.22 0.52 0.08
1(1 ().0 5.<.»2 - 14.68
Meat scrapB 4 i).0 7.6;i - 8.11
VI. — Dairy Products.
Whole milk 21>7 W).4 0.57 O.P.) » 0.16 1
3 S8.1 0.24
2- 00.3 0.50 0.18 3 0.20 3
lUitterniilk 1 01.1 0.51 0.05 0.04
1 •J3.7 0.10 0.07 0.17
117 12.5 0.19
I From Farringtou and Woll, « From Well's Ilandbool^,
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Coefficients of Digestibility of American
Feed Stuffs.— Experiments made in the
United States.^
J. 15. LINDSEV AND V. II. SMITH.
Experiments with Ruminants.
Experiments with Swine.
Experiments with Horses.
Experiments with Poultry.
Experiments with Calves.
Complete tlirough Dec. 31, 1905.
1 Being a portion of the report of the Division of Foods and Feeding.
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Crude Fat
(Per
Cent.).
55 60
52—
M
52 51—55 52 54—67 5S
(H)—
72
68 48—85 62 60
48-^
37-S3
68
Nitrogen-
free Extract
(Per
Cent.).
72 73
(•).")—
67
66 67—68 (i8 65—77 71 64—68 67 64—71 67 6»-76 71 74 64—79 71
Crude Fibre
(Per
Cent.).
rt u p T3 xn T2J 'Jr, Ts U 'is
Crude Protein
(Per
Cent.).
00 O 1- CC Q
g 1$ 'hi IS 13 1?: ;r§ r-3
Crude Ash
(Per
Cent.).
31-33 32 45—67 56 52-58 55 40—44 42 42-43 42
Organic Matter
(Per
Cent.).
6.'>-67
62—6(5 (54
61—
74
68
62—
71
67 66—71 68
Dry
Matter
(Per
Cent.).
§ ri f 3 ' ' 'Tf5 ' ' 'is ' ' ' ' iS
S ^5 S S
Single Trials.
Number of Different Lots.
Kind
of
Foddee.
I.
—
GUEEN
Fodders.
(«)
Meadow
Grasses
and
Millets.
Grass,
meadow,
young,
dried,
Grass,
timothy,
...
....
Harnyard
millet
in
blossom
(Massachusetts),
.
Jaitanese
millet,
Ijloom
to
early
seed
(Storrs),
.
Hungarian
grass,
early
to
late
Idoom,
.
(6)
Cereal
Fodders.
Harley
fodder,
bloom,
...
...»
IJarley
t<»d<ler,
seeds
forming,
...
Corn
fodder,
dent,
immature,
22() HATCH EXPERIMENT STATION. [Ja
Crude Fat
(Per
Cent.). ^ 5p rt 5; ?i rt 3?
- - 1- I- ci- J.- .1^'
I- CD ifS I' ;o 5C I- X
Nitrogen-
free Extract
(Per
Cent.).
s f. % in fir. h iu Is f- |s
10 I- :d X I- CD I- I-
Crude Fibre
(Per
Cent.).
^ 1^ Is IS Yi-s
»o CO I- Is rj. S I-
Crude Protein
(Per
Cent.).
61 63 20-28 24
67-
68
67 46—57 52 77—78 77 52—69 62
68—
76
73 79-80 79 51—56 53
Crude Ash
(Per
Cent.).
' 55 ' ' l?S ' ' 15 Is ' ' ' '
-M »*< (MOT
Organic Matter
(Per
Cent.).
72 67—75 71 67—79 72 5&-60 62
Dry
Matter
(Per
Cent.).
70 68 51—54 52 61-69 67 63—73 69 77—78 73-74 74 73-73 73
Single Trials.
33 1 - i?» M (M »i it) <M fN
Number of Different Lots. CO Oi '^ ^1 ^ ^ CO rH
Kind
of
Fodder.
I.
—
Green
Fodders
—
Con.
(6)
Cereal
Fodders
—
Con
.
Corn
fodder,
dent,
mature
Corn
fodder,
dent,
mature,
B.
&
W.,
coarse,
Corn
fodder.
Eureka
silage,
ears
just
forming,
.
Corn
fodder,
Sanford,
mature,
Corn
fodder,
sweet,
roasting
stage,
....
Oat
fodder,
bloom
to
early
seeding,
....
Rye
fodder,
heading
Sorghum
fodder,
blossom,
......
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5
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X
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X
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3
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Crude Fat
(Per
Cent.).
67-60 69
63-
82
71 39—52 46
54-
66
59 42-52 47 51-74 64
55—
74
64 54—55 54 42-44 43 48
64-
61
67
Nitrogen-
free Extract
(Per
Cent.). h
I'--
h p p |s 1^ Js ^ h
Crude Fibre
(Per
Cent.).
p ^2 ^3 |S |S |S S
Crude Protein
(Per
Cent.).
If ' ' tf P 1^' 1^ h h ^ l^^
Crude Ash
(Per
Cent.).
17 29-55 42 24-63 49 52—
55
54 49-55 53 45-52 49 36-63 47 76-77 76 47—51 49 63 40—46 44
Organic
Matter
(Per
Cent.).
^ Oi o
'
'
'
'
'
' 13 ' • ts ' '
ifi 1-00
CO o
Dry
Matter
(Per
Cent.).
62-62 62 66—78 71 66-80 72 65-69 67 69-72 70 88-88 88 81 85 68-71 69
Single Trials.
Number of Different Lots.
Kind
of
Fodder.
I
.
—
GREEN
Fodders
—
Con.
(c)
Legumes
—
Cow.
Spring
vetch
{Vicki
sativa),
Winter
or
hairy
vetch
(
ricirt
i'j7/o.srf),
bloom,
.
(d)
Mixed
and
Misceilaneous.
Oats
and
peas,
partly
seeded
Dwarf
Essex
rape,
second
growth,
....
Dwarf
Essex
rape,
average,
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Crude Fat
(Percent.).
78 76—77 76 67—69 68 86 87
IM)—
90
90 82—86 83 47-64 50 73-77 75 62-64 63 53-60 56 75-78 77
Nitrogen-
free
Extract
(Per
Cent.).
75—
76
76 60—70 66 53-57 5.) 71 75
76-
77
76
71-
73
72 62 64—70 67
72-
73
72 69-67 64 71-74 72
Crude Fibre
(Per
Cent.).
?i ;^ 2 ,t g g s s 3
Iri J,i^ is g f2 ii^ jr: Ti« Is j2S Ts§ Ts
Crude Protein
(Per
Cent.).
f8 3 ?J f.~ :g S? 1^ 2 ^
1.^ 5 ^ IS .1- r
is is <?i irt irt <N o ®
Crude Ash
(Per
Cent.).
'
' ' '
I*^
' ' '
'
Organic Matter
(Per
Cent.).
eo CO IN gs o ^ o
I- 'i- 1- 't " 1^
Dry
Matter
(Percent.).
69—70 70 60—68 64
51—
.t6
73—74 73 67—70 68 54—66 55
63-
68
65 59—60 60 51—60 57
64—
68
66
SingleTrials.
11 CI r-i »M CI y> CI M o
Number of Different Lots.
Kind
of
Fodder.
II.
—
Silage
—
r'o/i.
Corn
silage,
flint,
large
white,
partly
eared.
Corn
silage,
fine
crushed,
steers,
....
Corn
silage,
fine
crushed,
sheep,
....
Com
silage,
mature,
fed
raw,
Corn
Bilage,
mature,
cooked,
Corn
silage,
steamed,
Com
silage,
sweet,
mature,
Kaflir
corn
silage,
well
mature*!
Oat
and
pea
silage
Cow
pea
silage,
Sorghum
silage,
well
matured,
....
Silage,
mixture
of
corn,
Bunllower
heads
and
horse
beans.i
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Crude Fat
(Per
Cent.).
g I- 00 eo 1'
* 'S i§ ^5 '5: |§ |§ g £
Nitrogen-
free Extract
(Per
Cent.).
67—
(57
67
.52—55)
5(5
5(5—67
61
66—
(56
5H 4(5
.•)(;—
.V.»
5S
62—
(5'.»
(5.5 64
6.5-57 .56 .55 74
Crude Fibre
(Per
Cent.).
56
(;7—
68
(58
(5(>—
6(5
(53
4!>—
70
(50 46—50 6.5 30—36 33
53-
.57
,5.5
6.5—71
68 68 (54 61 76
Crude Protein
(Per
Cent.).
iQ 2 2 ^
§5 'S is Ivi '15 S S f5
CO S CC CO CD
Crude
(Per
Cent.).
5i 55 5
« ' ' ,1^ -i^ ' ' '
2
i-i eo S 55
Organic Matter
(Per
Cent.).
Dry
Matter
(Per
Cent.).
.54
(M—
<5(5
5(5
54—
(5.5
(50
41»—
.51)
.55
3,><—
40
31)
.5,5
(50—
68
(54 54
.57—
(M)
,51) 5(5 73
SingleTrials.
I-* lit 'it O cr ^l >it CC ri ec w
Nun.lMT of
Lot
r-lrH tn rl l-H Cl-^rie<11
Kind
of
Fodder.
^
. • • • • • 3
^ . ' s
•
5 1 ! i • 1 .....
M 1 . 1 1 1 1 M 1 1 1 iHH ' ! 1 1 111 1 1 1
1
- = ^ P-hJfCCCCU
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Crude Fat
(Per
Cent.).
13 112 \n \v. v^. 1^ 115 ^ i§
i Z 7i S 5 S
Nitrogen-
free
Extract
(Per
Cent.).
— X O O l^g
40—44 42 42-43 43 34-44 3'J 24-20 2.5 41 62-54 63 49-63 55
56—
(J8
62
4.5-77 4.5-74
Crude Protein
(Per
Cent.).
18—23 21 4—4 13 20 37—38 38 3.5-43 39 49-64 58 65 20—67 50 20—36 27
Crude Aah
(Per
Cent.).
^
Organic Matter
(Per
Cent.).
•
'
'
'
'
'
' s 7s ' '
Dry
Matter
(Per
Cent.).
44—48 46 4.5—46 46 48—
,56
52
47—
52
49 50
.54—
.55
55
48-
60
.54
60—
6:i
61 59 51—70 62 51—64 57
Single Trials.
Number of Different
Lots.
Kind
op
Fodder.
III.
—
Hay
and
Dry
Coarse
Fodders
—
Con.
(a)
Meadow
Grasses
and
Millets
—
Con.
Timothy
fed
with
cotton-seed
meal
(8
hay,
1
meal),
.
Timothy
fed
with
cotton
seed
meal
(4
hay,
1
meal),
.
Timothy
fed
with
cotton-seed
meal
(2
hay,
1
meal),
.
Timothy
fed
with
cotton-seed
meal
(1
hay,
1
meal),
.
Timothy
fed
with
cotton-seed
meal,
average
all
trials,
Timothy
and
red-top,
late
bloom,
Witch
grass
{Triticum
repens),
(6)
Cereal
Fodders.
Corn
fodder,
dent,
immature,
average
all
trials.
Com
fodder,
dent,
immature,
B.
&
W
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dent,
in
milk,
odder,
dent,
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flint,
ears
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.
odder,
flint,
mature,
.
odder,
sweet,
mature,
.
itover,
dent.
Pride
of
the
Noi
itover.
Eureka
silage,
ears
ju
itover,
average
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trials.
itover,
below
ear,
.
itover,
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Crude Fat
(Per
Cent.).
1
46—54 50 62—70 66
1
70-72
!
71 69-74 70
j
70 86-94
1
91 83-86 84 81-82
'
82 85 85 90
1
Nitrogen-
free Extract
(Per
Cent.).
fi r- § « g
'r: IJ? 1?^ If^ 5^ Tg 13 Is S S g
» I- I- »t5 ift ift
Crude Fibre
(Per
Cent.).
Ts5 7s Tg is 5! fss |s 5 V; s
Crude Protein
(Per
Cent.).
IS Teo 1 * j^5i s j^eS T^s s 3 5
CO S CO 00 « « ^
Crude Ash
(Per
Cent.).
' '
'
' IJS 13? ' I2S 1?} Si §?
'Tt CO
Organic Matter
(Per
Cent.). II II Ti- II 1- 1 1 1 1 1 1 I 1 1
1 CD »o
Dry
Matter
(Per
Cent.).
j-i Ifl
^
Ti T8 '18 5g is§ 3 3 s
g S g S 5! !3
Sing].-
Trials.
(?j<r»<Mco e^coececMCioo
Number of Different Lots. ^^rHr-< ^ci — r-ii-i(MeO
Kind
or
Foddbb.
III.
—
Hay
and
Dry
Coarse
Fodders
—
C'oh.
(c)
LegtimoH
—
Con.
Peanut
vine
Winter
or
hairy
vet<;h
(
Vicia
villosa),
....
(d)
Mixed
and
Miscellaneons.
Buttercups
{Ranunculus
acr
is)
,
Cotton-seed
feed
(7
to
1)
and
(6
to
1),
steers,
.
Cotton-seed
feed
(3
to
1)
to
(2
to
1),
steers,
.
Cotton-seed
feed,
average
both
(4
to
1)
trials,
.
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Crude Fat
(Per
Cent.).
81—98 89
81>—
97
84-99 92
87—i«
89 87—92 89 87 68—75 87-100 94 100 95-95 95
olio 61-100 81 71-88 81 51—60 57 79—87 83 78 96 73—
!tl
82
Crude Fibre
(Per
Cent.).
?2 & S S 3g § S If
oi 3 «: ?S
Crude Protein
(Per
Cent.).
1? IS 13 153 T?2 IS fU: 115
g S ig S ,^ ?2 S 5 f£ X
Crude Ash
(Per
Cent.).
' ' Ti^ Tss ' ' ' ' Tig ' ' ' • '3 ' ' '
Organic Matter
(Per
Cent.).
' '
'
'
'
'
s
X i-i
Dry
Matter
(Per
Cent.).
78 81—98 90 61—81 70 56—62 62 71—79 75 63-69 66 56 67—90 79 90 67—79 7:i
Single Trials.
CO •<!»" ;o (M »n eo o» (n c-i e< ei
Number of Different
Lots.
Kind
of
Fodder.
V'.—
CONCENTKATED
FEED
STUFFS.
(a)
Protein.
Soy
bean
meal,
variety
unl<no\vu,
....
Soy
l)eau
meal,
medium
green,
coarse
ground,
.
IJibljy's
dairy
cake
ISlood
meal.
Armour's,
Cotton-see<l,
raw,
Cotton-seed
meal,
Cotton-seed
meal,
high
grade
(Maine),
Cotton-seed
meal,
medium
grade
(Maine),
.
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Crude Fat
(Per
Cent.).
L? rt ^ ^ ? s; s?
j^dS j.rt Is jts s ' ' s j^i?
Nitrogen-
free Extract
(Per
Cent.).
94—97 96 93—94 94 9-2—94 93 86—89 88 70-80 74 62-76 66 71 73-
78
76 84-91 88 78
74-
79
77 68-74 71
Crude Fibre
(Per
Cent.).
\z f, ^ ^ fi ^
13 13 • ' 1^ '%1 ^ ' ' Ti§ S IS Ts
1-H lO e» 'M Ml- l-
ffi CO « «»• i-i
Crude Protein
(Per
Cent.).
80—81 81 80-86 83 80-85 82 78-82 80 74—82 76 75^7977 77 78-80 79 82-91 88 77 77-79 78 62-63 63
Crude Ash
(Per
Cent.).
i
31—40 36 33 25—48 35 20-32 25 25 34—13 37 28-34 31
Organic Matter
(Per
Cent.).
86-89 88
69-
74
71
70-
70
70 81-84 83 73 73-81 76 61-67 64
Dry
Matter
(Per
Cent.).
Js % s |f?5 2^ ' 7r2
oo oo S i2d lO CO 1- ifs
Single Trials.
e-i <N e< cc i-eoo(N ^ eo
Number of Different Lots.
Kind
of
Fodder.
V.
—
CONCENTRATEir
FEED
STUFFS
—
Con.
(a)
Protein
—
Con.
Wheat
bran,
spring
Wheat
bran,
average
all
trials,
Wheat
mixed
feed,
bran
and
middlings,
.
Wheat
mixed
feed,
adulterated
with
corn
cobs.
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Crude Fat
(Per
Cent.).
1% ' ' j^g ± ji:-: g IS
Nitrogen-
free
Extract
(Per
Cent.).
79—85 83 89—93 91
73-
79
76 79—8-2 81 81—83 82 71-75 73 80
74-
79
51 29-36 33 42 63-65 64
Crude Fibre
(Per
Cent.).
1^ P 1' P Is- - 1" 1^ ^ I'
Crude Protein
(Per
Cent.).
62—81 70 59—69 64 61-64 63 61-71 G6 57—61 57—04 61 63 72-81 77 64—72 69 61—69 62 65 56-62 59
Crude Ash
(Per
Cent.).
55—69 62 31-32 32 24—43 33 20—21 20 28—47 38 36 2-61 25 33-40 37 8-21 13 •2.5 10—14 12
Organic Matter
(Per
Cent.).
\ -a II II II II II 1 j"jH 1 ^ II 1 II
Dry
Matter
(Per
Cent.).
70-77 74 82-87 85 64—69 67 70-74 71 69-72 71 67-72 69 70 66—74 70 42-51 47 29-38 34 40 55—56 .56
£ •
oSh
»fi c-i vi 'i* (Ml- to eo eo«oc^
Number of Different
Lots.
eOr-(»Hi-lr-tr-IC<0(N<-<i-HC»rH
Kind
of
Fodder.
v.
—
CONCENTKATED
FEED
STUFFS
—
Con.
(b)
Starchy
—
Con.
Horse
feed,
H-O
Alma
dried
molasses
beet
pulp,
.
.
.
.
^
Ilolsteiu
sugar
feed,
Molasses
feeds,
average
last
three,
Oats,
unground
Parson's
"
Six-dollar
"
feed,
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Literature.— The following publications have been con-
sulted in compiling the foregoing tables of digestibility:—
Colorado Experiment Station, Bulletins 8, 93.
Connecticut (Storrs) Experiment Station, reports for 1894-
96, 1898.
Illinois Experiment Station, Bulletins 43, 58.
Kansas Experiment Station, Bulletin 103.
Louisiana Experiment Station, Bulletin 77, second series.
Maine Experiment Station, rej^orts for 1S8()-<)1, 1S!)3, 18H4,
1897, 1898, 1900; Bulletin 110.
Maryland Experiment Station, Bulletins 20, 41, 43, 51, 77,
86.
Massachusetts, Hatch Experiment Station, reports for 181J5-
99, 1901-05; Bulletin 50 and unpublished data.
Massachusetts, State Experiment Station, reports for 1893,
1894.
Minnesota Experiment Station, reports for 1894-96 ; Bulletins
26, 36, 42, 47, 80.
Mississippi Experiment Station, report for 1895.
New York Experiment Station, reports for 1884, 1888, 1889;
Bulletin 141.
North Carolina Experiment Station, Bulletins 806', 81, 87^/,
97, 118, 148, 160, 172.
Oklahoma Experiment Station, Bulletins 37, 46.
Oregon Experiment Station, Bulletins 6, 47, 85.
Pennsylvania Experiment Station, reports for 1887-94, 1897,
1898, 1900-01, 1903-04.
Tonnessee Experiment Station, unpublished data.
Texas Experiment Station, Bulletins 13, 15, 19.
Utah Experiment Station, Bulletins 16, 54, 58.
United States Department of Agriculture, Bureau of Animal
Industry, Bulletin 56.
Wisconsin Experiment Station, report for 1889; Bulletin 3.
Wyoming Experiment Station, unpublished data.
INDEX.

INDEX.
PAGE
Aeration, soil, and germination and •crowth, relation between, . . . 124
Agricultural division, outline of work of, 15
Agriculturists, report of, 15
Alfalfa, experiments with, 42
In Massachusetts, 18
Analyses of animal excrement, 169
Ashes, 158
Chemicals, 157
Dairy products, 223
Fruits, 185
Garden crops, 187
Guanos, 168
Insecticides, 199
Lime compounds, 158
Marls, 158
Phosphates, 168
Refuse salts 157
Refuse substances, 1(51
Animal excrement, analyses of, 169
Ashes, analyses of 158
Asparagus rust, 140
Babcock machines, inspection of, 71
Bacteria in sterilized and imsterilized soils, comparison of the number of, . 146
Bibby's dairj' cake, 79
Digestibility and cost of, 80
Feeding experiment with, 81
Botanists, report of, 115
Bulletins and reports available 9
Cattle feeds, 67
Chemicals, analyses of, 157
Chemists, report of, division of fertilizers, 50
Division of foods and feeding, 65
Concentrated feeds, composition and digestibility of, 211
Fertilizer ingredients of, 221
Compilation of analyses of fertilizer materials, 155
Fodder articles and dairy products, 200
Fruits, garden crops and insecticides, 184
Composition and digestibility of fodder articles, 201
Conifers and evergreens, burning of, 118
Copper sulfate treatment, 143
Com, yields on winter and spring applied manure 33
Cows, testing of pure-bred, 73
Cucumber and melon blight 116
Dairy products, analyses of 223
And cattle feeds, 67
Fertilizer ingredients of, 222
252 INDEX.
PAGE
Dairymen, an act for the protection of 70
Decoctions, influence of soil, on seed germination 129
Digestibility, coefficients of 224
Calves, experiments with, 247
Horses, experiments with, 240
Poultry, experiments with, 24f)
Kmninants, experiments with, 225
Swine, experiments with, 245
Digestion coefficients, publications consulted in compilation of, . . . 248
Director, report of, 5
Downy mildew of tomato, 115
Dried blood as a source of nitrogen, 1«)
Relative value as compared with nitrate of soda and sulfate of ammonia,
Early crops, nitrogen fertilizers for, 40
Egg production, feeding experiments with poultry for, 43
Entomologists, report of, 149
Eureka silage corn, its value for Massachusetts farmers, «(>
Feed control fW
Fertilizer elements, average pounds per ton in chemical fertilizers, . . 170
Ingredients of fodder articles, 21
S
Manufacturers, list of, 5(5
Relative value of mixtures relatively rich and jioor in potash, . . 1(1
" Special " v. fertilizer richer in potivsh, 2t>
Fertilizers and manures furnishing nitrogen compared, 19
Average analysis of, 54
Commercial, abstract of results of analyses of, 51
Inspection of, 50
For garden crops, 37
Special crop brands, compilation of analyses of 55
Fertilizing ingredients, trade values of, 52
Substances analyzed, miscellaneous, f>2
Fodder articles, composition and digestibility of, 201
Fertilizer ingredients of 218
Fodders, dry coarse, composition and digestibility of, 207
Fertilizer ingredients of, 220
Green, composition and digestibility of, 201
Fertilizer ingredients of, 218
Foods and feeding, division of, changes in staff, 78
Correspondence,
Laboratory work, number and variety of samples, (><>
Special chemical work, r>8
Work completed 73
In progress, 77
Forage crops, 75
Fruits, analyses of, 185
Comi)osition and digestibility of, 210
Fertilizer ingredients of, 220
Phosphoric acid, potassium oxide and nitrogen in, IJH
Garden crops, analyses of, 187
Fertilizers for, 37
Phosphoric acid, potassium oxide and nitrogen in, 11)4
Relative value for, of dried blood, nitrate of soda and sulfate of ammonia, 18
Of high grade sulfate and muriate of i)otash, 18
Ocnnination, inlluenre of soil decoctions on seeil, 129
influence of soil sterilization on seed, . 1'2G
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Grass lands, experiments in nianurini:
. 'M
Methcnls of manuring, 17
Guanos, analyses of,
Hay, composition and digestibility of, 'J07
Fertilizer ingredients of L'j)
Product luider different manuring, ;i5
Yields in fertilizer experiments, ."50
On manure alone as compared with manure and poUush, .{l
Horticulturist, rei)ort of, 47
Insecticides, analyses of, p.HJ
Insects of the year, KA
Late crops, nitrogen fertilizers for, 40
Legumes, nitro-cultures for, 77
Useful, 75
Lime ashes, analjses of, (^4
Compomids, analyses of, 15H
Manure alone compared with manure and potash, 17
Alone, V. manure and potash, 30
Experiment in the application of, 32
Spring V. winter spreadmg, 32
"Winter v. spring application of, 17
Marls, analyses of, 1~).S
Melon blight, 11(5
Meteorologist, report of, 13
Milk, market, its production and composition, 74
Molasses and molasses feeds, 77
Muriate of potash compared with high-grade sulfate, 23
Nitrate of soda as a source of nitrogen, 10
Nitrate of soda for rowen, 17, .35
Relative value, as compared with sulfate of ammonia and dried bknid, 39
Nitrogen, different materials furnishing, compared, summaries of experi-
ments, 21
Fertilizers for early crojis, 40
For late crops, 40
Relative standing of, 39
Manures and fertilizers furnishing, compared, 19
Relative value of different sources of, 1()
Notes on lime ashes, 64
Wood ashes, 62
Peach trees, priming, 47
Phosphates, analyses of 168
Potash, muriate and sulfate of, relative value, 16
Relative value of sulfate and muriate, 23
Salts, experiments comparing, 24
Relative standing for garden crops, 41
Relative value of different 16
Yields per acre on different, 2(>
Potato rot, 116
Poultrj' experiments, feeding for egg production, 43
Feeding experiments for egg production, 18
Refuse salts, analyses of, 157
Refuse substances, analyses of 161
Rowen, nitrate of soda for, 35
Protluct mider different manuring, 35
Seed selection, 135
254 INDEX.
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Sheep, digestion experiments with, 74
Silage, composition and digestibility of 206
Fertilizer ingredients of, 21*.)
Soil aeration and germination and growth, relation between 124
Sorghum and other forage crops, 75
Soy beans, yields in potash experiments, 27
Sterilization, influence of soil, on seed generation, V2ti
Sterilized loam and subsoil, comparison of, 125
Sulfate of ammonia as a source of nitrogen, 19
Relative value as compared with nitrate of soda and dried blood, . . 3i>
Sulfate of potash compared with muriate 23
Sun scald, 117
Tomato, downy mildew of, 115
Treasurer, report of, 11
Vegetables, composition and digestibility of, 210
Fertilizer ingredients of, 220
Water analysis, 6(5
"Wheat bran, concerning IM
Versus corn silage as a distributer, 99
Winter-killing, 119
Wood ashes, analyses of 63


